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ABSTRACT 


Structure of the sense organs on the labella and labium of 
Aedes aegypti was SEE REE te light (LM), scanning (SEM) and trans- 
mission (TEM) electron microscopes. The distribution of these sense 
Organs are Similar in both sexes. Both mechano- and chemoreceptive 
hairs are found on the aboral surfaces of the labellar lobes. Apical 
hairs invaginated inside the labellar lobes, and the oral papillae 
are probably chemoreceptive. A chordotonal organ with two nerve cells 
is found in each labellar lobe. The labial hairs resemble mechano- 
receptors. Ligular hairs are not sensory. 

The labra of both sexes of 40 mosquito species belonging to 
15 genera were studied using SEM, and 10 species using LM. It seems 
the presence of apical and subapical labral sensilla is related to the 
blood sucking habits of mosquitoes. The openings of these sansilla 
are located near the tip and they are often occluded by a substance 
probably secreted by the sensilla. Deinocerites pseudes and Culex 
species are different from other species in having the campaniform 
sensilla positioned inside the food canal. Cuticular microsculpture 
on the dorsal wall of the labrum is absent from some species and the 
shape differs between species. 

Mandibles of 10 species of female mosquitoes belonging to six 
genera were examined using SEM. Teeth are found only in Armigeres 


durhami and Anopheles species. 
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Cuticular hair-like projections are found at the tip of the 
hypopharynx in 26 species of female mosquitoes representing 11 genera. 

The laciniae of 31 species of female mosquitoes belonging to 
14 genera were examined using SEM. The number of lateral teeth, and 
the presence or absence of mesial teeth are discussed in relation to 
the nose tS) of the mosquitoes. 

The position and type of cibarial sense organs in 37 species of 
mosquitoes representing 10 genera were studied using LM, and the 
cibaria of five species were studied using SEM. Differences are found 
between species, and even between sexes of the same species. Taxonomic 
importance of the cibarial armature is discussed. 

Preliminary study of the ta:sal hairs in A. aegypti showed that 
the double-lumina hairs are probably chemoreceptive. 

The possible function of the sense organs described in this study 


is discussed in relation to the feeding behaviour of the mosquitoes. 
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I, INTRODUCTION 


Because of the medical and economic importance of mosquitoes, the 
study of the sense organs and feeding behaviour of mosquitoes has 
attracted the attention of many researchers. 

Some mosquitoes are attracted at a long distance by host odours, 
at middle range by CO., and at close range by warmth, humidity and | 
visual stimuli (Gillies and Wilkes, 1969). Movement of the host has a 
small, but consistent positive attraction (Wood and Wright, 1968) . 
Antennal receptors of mosquitoes are reported to respond to humidity 
(Roth, 1951; Daykin et als, 19655. Kellogg, 1970), to temperature 
(Ismail, 1962; Daykin et al., 1965; Davis and Sokolove, 1975) and to 
repellents (Steward and Atwood, 1963; Daykin et al., 1965; oer 
1967; Davis and Robert, 1972 Jus CO, receptors are located on the 
maxillary palps (Kellogg, 1970). 

Discrimination after the mosquito has Landed on a host may be 
a function of the tarsal hairs. Tarsal chemosensory hairs have already 
been reported in different species of mosquitoes (Frings and Hamrum, 
1950; Wallis, 1954; Feir et Evin, diclene: ee 1961; Owen, 1963, 1267, 
1971). In probing to find a suitable spot for feeding, the mosquito 
uses the two labellar lobes located at the tip of the long, Gutter= 
like labium (Nuttall and Shipley, 1901; Schiemenz, 1957; Clements, 
1963). A short ligula is situated between the two labellar lobes. 
According to Snodgrass (1957), the mosquito labium is the prementum of 


a generalized insect. 
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A fascicle composed of six stylets (one labral, two mandibular, 
one hypopharyngeal and two maxillary) is contained inside the labial 
gutter. Distally, the fascicle projects out between the two labellar 
lobes dorsal to the ligula. During piercing and sucking, the labium 
with the labellar lobes remain outside the host tissue, with only the 
fascicle penetrating the host tissue; the labrum forms the food canal. 
A muscular cibarial pump under the clypeus is attached to the proximal 
end of the labral food canal. 

The structure of the labellar sense organs in mosquitoes has been 
studied using light microscopy (LM) (Vogel, 1921; Frings and Hamrum, 
1950; Feir et al., 1961; Zwonitzer, 1962; Owen, 1963, 1971), scanning 
electron microscopy (SEM) (Pearson, 1970), and transmission electron 
microscopy (TEM) (Chaika and Elizarov, 1971; Larsen and Owen, 1971; 
Owen et al., 1974). Behavioural (Frings and Hamrum, 1950; Hosoi, 1954; 
Bair tel i.<)9Gl7 Owen, 1963, 1967, 1971; Salama, 1966; Larsen and 
Owen, 1971;Owen et al.,1974) and electrophysiological studies (Zwonitzer 
1969; Pearson, 1970; Owen et al., 1974) have been made to elucidate 
the function of the labellar hairs. However, functional studies of the 
labellar hairs were conducted mostly on one type of hair, mainly because 
all labellar hairs were considered structurally similar. A thorough 
knowledge of the distribution and fine structure of the labellar sense 
organs is still lacking. 

Of the six fascicular stylets, only the labrum bears sense organs 
(Vogel, 1921; Schiemenz, 1957; Lee, 1974). Description of the labral 
sense organs was incomplete, as most authors failed to notice all the 
labral sense organs (see von Gernet and Buerger, 1966, and Lee, 1974 


for review). 
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Several types of sense organs are present inside the cibarial pump 
(Day, 1954; Lee, 1974), and the importance of these sense organs in food 
discrimination has been emphasized by many workers (Day, 1954; Hosoi, 
1959; Owen, 1963, 1965; Salama, 1966; Pearson, 1970). Fine structure 
of these sense organs remains undescribed, because of the Cirriculty 
in dissecting the cibariun. 

As the use of insecticides to control. mosquitoes has become more 
and more costly both economically and ecologically, there is a need for 
alternative measures against mosquito bites, and the development of 
longer lasting systemic repellents "has been the dream of eck scientists 
for years" (Weidhaas, 1972). Compounds have been screened for potential 
systemic repellents, but the search was unsuccessful (Weidhaas, 1972). 
This may be partly due to the meagre knowledge we have on the sense 
organs involved in the feeding behaviour of the mosquitoes. This pre- 
sent study was undertaken to investigate the structure ot the sense 
organs involved in mosquito feeding, thereby laying a foundation for 
future electrophysiological studies to understand the functions of these 
sense organs. This may lead to a more rational testing of chemicals for 
mosquito repellents. 

In this study, the structure of the sense organs on the labium 
and the tarsi of both sexes of Aedes aegypti, of the labral and cibarial 
sense organs in 15 genera. of mosquitoes, and of the fascicular stylets 
in different species of mosquitoes were studied using LM, SEM and TEM. 
These observations are integrated into the present body of knowledge on 


the sense organs on the mouthparts of mosquitoes. 
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II. MATERIALS AND METHODS 


A culture of Aedes aegypti was maintained in the insectary at Z7eC 
and 65% R.H. with eggs kindly donated by Dr. A. S. West (Department of 
Biology, Queen's University, Kingston, Ontario, Canada). Live Culiseta 
inornata were obtained from a culture maintained by my colleague 
Mr. J. Hudson. Other mosquito species were either collected locally, 
or obtained through generous donations of various people (see Appendices 
A and B for species and source list). Methods of preparation for LM, SEM 
and TEM were the same as described by Lee (1974). Burgess and Rempel's 
(1966) method for vital methylene blue staining was used. The following 
method was used to study the cibarial sense organs. 

The specimens were fixed in 5% formalin. The labrum was unsheathed 
from the labium using the method of MacGregor (1930). A tungsten wire 
needle was then inserted between the clypeus and the cibarium, and the 
elevator muscles of the cibarium detached from the clypeus. By pulling 
the labrum horizontally away from the head, the cibarium normally comes 
out attached to the proximal end of the labrum. It was then dehydrated 
through a series of ethanol. Muscles still attached to the cibarium 
were removed using fine forceps when the specimens were in 98% alcohol. 
For Toxorhynchites species where the attachment of the muscles to the 
cibarium is firm, the cibarium with labrum attached to it was boiled in 
10% KOH for five to ten minutes, then washed in several changes of dis- 


tilled water, followed by dehydration in ethanol. 
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After dehydration, the specimens were cleared in xylene. For LM, 
the specimens were mounted in DPX. For SEM, the specimens were air- 
dried. Sense organs on the dorsal wall of the cibarium were exposed 
using the following procedure. The dorsal side of the cibarium was 
attached to a specimen stub with a drop of Silver Dag (Ted Pella ee. 
An electrolytically etched fine tungsten wire was inserted between the 
hypopharynx and the labrum into the cibarial lumen, and the poe wall 
of the cibarium was removed gently by raising the tungsten needle, 
exposing the inner surface of the cibarium. The same proccoure was 
used to study the sense organs on the ventral cibarial wall, except the 
ventral wall of the cibarium was now attached to the stub. The speci- 
mens were then coated with 150 A of carbon and gold, and observed with 


a Cambridge Stereoscan S4 scanning electron microscope. 
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III. RESULTS AND DISCUSSION 


1. lLabium 
The following description applies to both sexes of Aedes aegypti, 
as the distribution and the structure of the labellar and labial sense 


organs are Similar in both sexes. 


1.1. Labella 

The two labellar lobes at the tip of the labium together form a 
pear-shaped structure (Figs. 1,.3). Each lLabellum is two segmented. 
The two segments abut: obliquely to each other on the dorsal surface 
(Pig: liane horizontally on the ventral surface (Pig. 3). aA ligula 
covered with hairs projects out between the two labellar lobes fea. 5) 
and contains the tip of the fascicle on its trough-shaped dorsal sur- 
face. As the concave inner surfaces of the labella are facing the 
labral food canal, I will refer to the inner surface of the labellum 
as the oral surface, and the outer convex surface of the labellum as 
the aboral surface. A similar system is used for blowfly labella 
(Dethier, 1955). 

The labellar lobes of mosquitoes were considered by many workers 
as important in serving as a guide for the fascicle during piercing 
and sucking, but Robinson (1939) found that mosquitoes with their 
labella removed were still able to feed on a host quite normally. 
Therefore he Micaested that the labella serve to allow instant return 


of the stylets to the labial gutter after withdrawal, and that the 


6 















ws 
iD Di 


eee, 

We an ” 
—s 

ys 


AS aya ttt 


| | jai ei a 
oats wi? SR See {ti 
hae es 


6 
r doen ott a" my siieaae es 


- 


: . all” ani 
eiptide jue 2tcamal inet out 


e 


( Pa. a ia rial au0 wer ebteepe bet vial 


T » 
= j +) a: < 
T if > € es f i of 
* ‘ ‘ ’ } Ti " 1 , ¢ £ 
fn en 
* tea sa ieee os 
al j Domi f Gfsgye 
« : 


eyaswtow yaom yd feiebienoo S18 ees higagy ee 
@ 


Paivieta pois ololsead | eine sata = BS eth 
yo: 












Fig. 1. Dorsal aspect of female Aedes aegypti, showing label lar (Lhb) 
and labial (Lh) hairs. Each labellum is composed of a distal (Lb-d) 
and proximal (Lb-p) segments. Scales (s) are found on the proximal 
labellar segment. 

Fig. 2. Same at higher magnification, showing different types of 
labellar hairs. L1, long labellar hairs; M, medium-sized hairs; 

m, microtrichia; sp, short papillae. The short papillae are also 


socketed at the base. 








Fig. 3. Ventral aspect of female Aedes aegypti labella, showing 
the distal (Lb-d) and proximal (Lh-p) seaments of the labella 
are joined transversely. Long labellar hairs (L1), medium- 
sized hairs (M), and short papillae (arrow heads) are also found 
here. Note scales are almost absent on the proximal labellar 
seament. 

Fiq. 4. Same at higher magnification showing hair socket at the 
base of a short papilla (sp). 





theca of the labium is important in protecting the fascicle by conserving 
the fascicular fluid and preventing it from drying. But Jones and Pilitt 
(1973) found that removal of the labella results in the failure of mos- 
quitoes to penetrate the skin, again suggesting the importance of the 


labella as a guide during piercing. 


igl.t.° Aboraiatairs 

Aboral hairs on the distal segment of the labella are symmetrically 
arranged (Figs. 1-4). As already noted by Frings and Hamrum (1950), 
aboral hairs of Aedes aegypti can be classified into four different types 
according to their sizes: (1) long, pointed, socketed hairs averaging 
40 p in length, (2) medium-sized, socketed, blunt-tipped hairs between 
20-330 1 longyeis) eee, blunt, socketed papillae 4-6 p long and (4) 
short microtrichia (Figs. 1-4). They reported that short papillae are 
present only on the dorsal surface of the labella. However, my SEM 
photographs show that these papillae are also present on the ventral sur- 
face (Figs. 3 and 4). Hairs on the proximal segment of the labellar 


lobes are all straight, socketed and have fine tips (orgs itis and | 0) 


11.1.1. Long Labeltar Hairs 

Longitudinal ridges are found on the hair shaft of the long labellar 
hairs, but only a single cavity is found inside the hair lumen (Pigs, 6-9). 
Each longitudinal ridge is finely scalloped on its Ssurtace (Figs. / and 8). 
A finely granulated substance is present inside the hair lumen. There is 
no evidence of any dendrites inside the lumen. Near the tip of the hair 
shaft, the lumen Beones smaller (Figv J)jwend it is very likely that 


these hairs do not have any opening to the outside. Crystal violet 
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(Lg) situated between the two labellar lobes (LB). Ligular hairs are not socketed 
at the base, and have smooth wall. Two apical hairs (Ap) extend out anteriorly 
through labellar folds at the tip. 

Fig. 6. Long labellar hair (L1) of male Aedes aegypti showina longitudinal ridqes 
on the hair, and the sharp, pointed tip (arrow head) of labial hair. 

Figs. 7-9. Transverse sections of long labellar hair of female A.aeqypti. 

Fig. 7. Near the tip of the hair. Longitudinal ridges on the hair appear as points 
of a “star”. 

Fig. 8. Section proximal to Fig. 7, showing a single central lumen of the hair. Each 
longitudinal ridge is finely scalloped on the surface. 

Fig. 9. Same. Proximal to Fig. 8, near the base of the hair. 


Fig. 5. Anterior top aspect of the tip of female Aedes aeaypti labium, showing liaula 
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(Slifer, 1960) did not stain the tips of these hairs. Structurally, 
these hairs are very similar to the thick-walled hairs found on the 
antennal flagellum of Aedes aegypti described by Slifer and Sekhon 
(1962). A mechanoreceptive dendrite is found at the base of the long 
labellar hairs (Fig. 10). Whether this dendrite is attached to the 
hair base, or enters into the hair lumen for a short distance is un- 
clear. \Chaikasand plizarov, (1971) reported that all aboral hairs of 
female Aedes aegypti are double-chambered, and they found no evidence 
of dendrites terminating at the base of the hair. Since they did not 
report any single-chambered hairs, the question remains whether this 
mechanoreceptive dendrite enters the hair lumen. 

Behavioural studies showed that long labellar hairs respond to 
mechanical stimulation (Frings and Hamrum, 1950). But many workers 
(2Zwonitver, et7o2;.Feir et al., 1961; owen, guooS, .19717Owen et al., 
1974) have found only pate le che ner ca hairs, and they concluded that 
all aboral hairs beyond a certaim length (e.g. 32 Wf ins Culiseta 
inornata as reported by Owen, 1963) are chemosensory. Consequently 
behavioural WFeir etal., 1961; Owen, 19635" 1971; Owen et al., 1974) 
and electrophysiological studies (Zwonitzer, 1969; Owen et al., 1974) 
were conducted on the long labellar hairs. However, Pearson (1970) 
using Picci renee legen methods found that long labellar hairs are 
very sensitive to minute mechanical deflections which normally result 
in proboscis extension. He also found that it is very difficult to 
apply a chemical to a long labellar hair without evoking a response 
from the mechanoreceptor, and cautioned the use of proboscis movement 


as the criterion for positive response towards chemical stimulation. 
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Fig. 10. Section near the base of a long labellar hair of female A.aeaypti, showing 
microtubules (mt) of the mechanoreceptive dendrite enclosed by dendritic sheath (ds). 

Figs. 11-13. Transverse sections of medium-sized labellar hairs of female A.aeaypti. 
Each hair is double-chambered, with one chamber containing dendrites and the other 
a liquid with fine granules. Three to five dendrites are found in the circular 
chamber. S, hair-socket. ; 

Fig. 14. A medium-sized labellar hair broken near the base on male A.aeqypti 
labellum, showing longitudinal ridges on the hair shaft and two chambers inside the 
hair. S, hair-socket. 

Figs. 215-52, 16, Medium-sized labellar hairs of female A.aegypti, showina a drop of an 
unknown substance at the tip of the hair. 





iF 


My morphological study supports his finding that the Jong labellar hairs 


are mechanoreceptors. 


1.1.1.2. Medium-sized Hairs 

These hairs are situated near the tip and on the dorsal and ventral 
aspects of the aboral surfaces of the labellar lobes. They are longitu 
dinally grooved on the outside, and double-chambered inside. Three to 
five dendrites are present in one of the two chambers (Figs. Hite In 
some hairs containing three dendrites, three to four other dark, dendrite- 
like structures can be seen (Fig. 12). Whether these dark-staining struc- 
tures are similar to the ae neurones described by McIver (1972) on the 
maxillary palps of female Aedes aegypti remains to be determined. 

Tes possible these are similar to the vesicles described by 
Zacharuk et al. (1971) in the antennal cone of A. aegypti larvae. They 
found that peripheral dendrites vesiculate laterally, and the vesicles 
were often attached to the dendrites. The difference here is that the 
vesicles they Foun usually electron transparent. 

With SEM, the double-chambered structure Ole Wwe isvewlie Singing Ceyel 
also be seen in broken medium-sized hairs (Fig. 14). ‘The dendrite-iree 
lumen of the hair shaft contains remnants of the trichogen cell, a con- 
dition similar to the blowfly labellar chemosensory hairs described by 
Seen and wolbarsht (1956). A substance is found at the tip of some 
medium-sized hairs (Figs. 15-and 16) which might be similar to the viscous 
droplets reported on the labellar and tarsal hairs of blowfly and stable- 


fly (Sturckow et al.,.)1967; Sturckow, 1967). 


At the base of the medium-sized hairs, three to five dendrites are 


found inside the dendritic sheath (Figs. 17-19, 21). The dendritic sheath 
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Fig. 17 & 18. Transverse section of medium-sized labellar hair sensilla proximal to 
the hair base. 

Fig. 17. Sensillum with three dendrites. Dendritic sheath (ds) is enveloped by the 
trichogen cell (Tr). Microtubules (mt) are found in both trichogen and tormogen 
(To) cells. Septate-desmosomes (Sd) are found where the two cells come into contact. 

Fig. 18. Sensillum with four dendrites. One of the dendrites show microtubular 
doublets. Note vesicle-like structures in between the dendrites. ds, dendritic 


sheath. 
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Figs. 19-21. Transverse section of medium-sized labellar hair sensilla 
proximal to the hair base in female Aedes aegypti. 

Fig. 19. Sensillum with five dendrites. Dendritic sheath surroundina 
the dendrites almost disappear here. Microvilli (mv) are found on one 
side of the trichogen cell (Tr). 

Fig. 20. A mechanoreceptive dendrite (D) inside the dendritic sheath (ds) 
is seen entering the hair lumen. 

Fig. 21. Same as Fig. 19, but more proximal. Dendritic sheath has 
disappeared completely here. Microtubular doublets are found in all 
hea a Ni Microvilli are found on one side of the trichogen cell 
ke 


15 








16 


is surrounded by the trichogen cell, the latter in turn is enveloped 

by the tormogen cell (Figs. 17, 19, 21). Septate-desmosomes are found 
at the junction of the two enveloping cells (Fig. 17). At the ciliary 
region of one dendrite, it appears there are 9 + 1 microtubular doublets 
(Fig. 18), instead of the usual 9 + 0 configuration generally found ah 
made chemoreceptors tsar en LES) yO) << However, since some doublets at 
the periphery of the dendrite are not as distinct as the central one, 

it is difficult to interpret the micrograph with certainty. 

It is possible that this was due to the branching of the micro- 
tubules, and that one of the doublets was displaced into the centre. 
Multiplication of the microtubules through branching was reported in the 
earwig (Slifer and Sekhon, 1969) and mosquito larva (Zacharuk et al., 
1971). Vesicles wee thse in between the dendrites,and microtubules are 
present in the extension of the trichogen cell that encloses the dendritic 
sheath (Fig. 18). Good fixation for mosquito labellar hairs is difficult 
to obtain. Similar difficulty was also encountered by Sttirckow et al. 
(1973) in studying the labellar hairs of the blowflies. 

Chaika and Elizarov (1971) reported one to five dendrites ascending 
However, the reproduction of their micrographs was poor, and they did not 
show any sections of hair shafts containing less than three dendrites. 

In female Culiseta inornata, Zwonitzer (1962) using LM found three to 

four neurones associated with each aboral hair. Owen et al. (1974) using 
TEM found two types of sensory hairs on the aboral surfaces Sf Ca WuOornacas 
one containing three dendrites and the other with five dendrites proximal to 


the base of the hairs, but only four dendrites in the hair shaft. 
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Results from behavioural studies have indicated that mosquito 
labellar hairs are sensitive to water, sugar solutions and unacceptable 
compounds (Frings and Hamrum, 1950; Hosoi, 1954; Owen, 1963, 1967, 1971; 
Salama, 1966; Feir et al., 1961; Owen et al., 1974). Electrophysiological 
studies have also shown that these hairs are stimulated by water, sugar, 
and NaCl (Zwonitzer, 1969; Owen et al., 1974). My study suggests that 
such responses may be mediated through the medium-sized hairs, which are 
double-chambered, and resemble the chemosensory hairs on the labella of 
blowfly (Grabowski and Dethier, 1954; Dethier, 1955). However, many 
medium-sized hairs are located more proximally on the labellar lobes 
Gu ge 2 and? 3)50 andvit es very likely that some will never touch the 
substrate during probing and piercing. Mosquitoes often spread their 
labellar lobes when the labellar hairs are stimulated with sugar solutions 
(Frings and Hamrum, 1950; Feir et al., 1961; Owen, 1963; Larsen and Owen, , 
1971) and unacceptable compounds (Salama, 1966). Such divarication will 
probably bring only some proximally located hairs into contact with the 
substrate, thus acute an interesting question as to the probable function 
of the more proximally located medium-sized hairs. 

In che aquatic beetle Laccophilus maculosus, Hodgson (1953) found 
that sensilla basiconica on the tips of antennae are responsive to both 
gaseous and liquid stimuli. Thick-walled chemoreceptors sensitive to 
strong odours have been reported on the labellar hairs of the stablefly 
Stomoxys calcitrans (Hopkins, 1964) and on the legs of grasshoppers (Slifer, 
1954, 1956) 3° Recently, * Dethier (1972)? also found that chemoreceptors on 
the mouthparts and legs of the blowfly Phormia regina that normally respond 
to aqueous solutions also respond to compounds like organic and inorganic 


acids, and various nonpolar compounds in gaseous state. It is possible 
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that in mosquitoes, the more proximally located medium-sized hairs which 
ao not normally come into contact with the substrate respond to vapours. 
But behavioural significance of these hairs is still unknown. 

The number of dendrites found in the hair shaft agrees with the 
number found proximal to the hair base. It is likely then that there is 
no mechanoreceptive dendrite ending at the hair base. But inside the hair 
lumen one of the dendrites is always bigger than the rest and in most 
cases this large dendrite is partially isolated from the rest of the 
dendrites by the indentation of the dendritic sheath (Fig. 18), sugges- 
ting that this large dendrite might function as mechanoreceptor. A simi- 
lar structure was described by Zacharuk and Blue (197la) in the basiconic 
peg in the antenna of larval Aedes aegypti. In the blowfly Phormia 
regina and stablefly Stomoxys calcitrans, the labellar and tarsal chemo- 
sensory hairs have a mechanoreceptive dendrite terminating near the hair 
base (Grabowski and Dethier, 1954; Wolbarsht and Dethier, 1958; Adams et 
gan re ALS Ns 

The Sook ee, es the short papillae (sp, Figs. 2-4) in A. aegypti 
has yet to be studied. In female Culiseta inornata, Zwonitzer (1962) 
using LM called these sensilla basiconica, but was uncertain about the 
number of neurones associated with each papilla. Short microtrichia on 


the aboral surfaces are clearly not sensory. 


Ll seee eOralmbapiliac 

Six anteriorly directed, socketed papillae are found on the con- 
cave, oral surface of each labellar lobe (Fig. 22). On the dorsal and 
ventral oral surfaces, pseudotrachea-like structures are found, and oral 


papillae are sometimes found in between the microtrichia (Fig. 23). 
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Fig. 22. Oral papillae (Op) on the oral surface of female A.aeaypti labella. Note 
the papillae have smooth outer surface. i 

Fig. 23. Same of male A.aegypti showing pseudotrachea-like structure (Ps) on the 
dorsal and ventral oral surfaces of the labellum. Op, oral papillae. 

Fig. 24. Higher magnification of Fig. 23, showing an opening (arrow) at the tip of 


one oral papilla. 

Fig. 25. Vital methylene blue stained female Culiseta inornata labellum, showina 
dendrites entering through hair socket (S) into the lumen of the papilla (P). 
The dendrites are constricted just below the socket (arrow), where the ciliary 
region of the dendrites are probably located. 

Figs. 26 & 27. Transverse sections of oral papillae with three and four dendrites. 

Fig. 28. Transverse section of an oral papilla near the base, showing five 
dendrites surrounded by dendritic sheath (ds). One of the dendrites is biager 
than the rest (arrow), probably a mechanoreceptive dendrite. Note the dendritic 


sheath has separated from the wall of the papilla here. 
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Vogel (1921) suggested that these pseudotrachea Function in a manner 
Similar to the suction cups on the toes of the gecko, providing a strong 
hold on the skin of the host during biting and sucking. Robinson (1939) 
pointed out that Vogel's suggestion has no backing. However, Vogel was 
probably the first to notice the oral papillae in mosquitoes. He called 
cee sensilla eevee and considered them to be shortened tactile 
bristles. Zwonitzer (1962) found six of these papillae in female 
Culiseta inornata, and also called them sensilla basiconica. Larsen and 
Owen (1971) referred to these papillae as sensilla trichodea. pace 
these sense organs are papilla-like, and are present on the oral sur- 
faces of the labella, I call them oral papillae in this study. 

An opening approximately 0.15 pp in diameter is found at the tip of 
the papilla (Fig. 24). Vital methylene blue staining of the labella of 
both sexes of Aedes aegypti and Culiseta inornata showed that these 
papillae have dendrites entering the lumen which extend to the tip 
(Fig. 25). TEM sections show that the papillae are double-chambered, 
with three to five dendrites inside the big chamber. The dendrites are 
enclosed in a dendritic sheath (Fig. 26-28). Proximal to the base of 
the papillae, three to five dendrites are enclosed in a dendritic sheath, 
the latter enveloped by the trichogen Pi her ie cells (Figs. 29 and 30). 
I found no evidence of mechanoreceptive dendrite terminating near the 
base of the papillae. Septate-desmosomes are found between the junction 
of the trichogen and tormogen cells (Fig. 29). 

In C. inornata, Larsen and Owen (1971) also found that the oral 
papillae are double-chambered. Their micrograph shows five dendrites 
enclosed in a dendritic sheath proximal to the base of the papilla. In 


the blowfly Phormia regina, Larsen (1963) found four dendrites in the 
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Fig. 29. Transverse section of an oral papilla sensillum proximal to the 
base in female Aedes aegypti showing five dendrites. Microtubules are 
found in the trichogen cell surrounding the dendritic sheath (ds). 
Septate desmosomes (Sd) are found at the junction between the trichogen 
and tormogen cells. Inset : Same, with three dendrites. Vesicles are 
found along the inside Wall of the dendritic sheath. 

Fig. 30. Section of a labellum showing three oral papillae with three to 
five dendrites, and the cap (Ca) of a labellar chordotonal organ. 
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interpseudotracheal papillae of the labella, and noted that the dendritic 
sheath does not fuse with the wall of the papilla. Tominaga et al. (1969) 
reported in the fleshfly Boettcherisca peregina that each interpseudo- 
tracheal papilla has three chemoreceptive dendrites entering the lumen 

of the papilla, and one mechanoreceptive dendrite ending at the base. 

They also noted that aie papillae are single-chambered. In A. aegypti, 

if there is any mechanoreceptive dendrite associated with the oral papillae, 
sucn a dendrite instead of terminating near the base of the papilla, pro- 
bably enters the papillar lumen for a short distance (Fig. 28). 

Larsen and Owen (1971) found in Culiseta inornata that when chemo- 
sensory hairs on the labella are placed in contact with water or sugar 
solution, the labellar lobes spread apart, thus permitting the ligula to 
come into contact with the test solution, causing the liguia to increase 
by 76.65% of its original size. Consequently the test solution will pro- 
bably spread over the ligular surface and make contact with the oral 
peapiilae. They suggested that it is probably through this mechanism 
that the mosquito mediates sucking of water and sugar soiution. Whether 
such a mechanism exists in A. aegypti remains to be investigated. In 
male A. aegypti, the oral and ligular surfaces are very close to each 
other, leaving only a small space in at doe (see Fig. 10 of Lee, 1974). 
Solutions that come into contact with the tip of the labeiliar lobes can 
probably reach the oral papillae through capillary action. 

Four to five oral papillae arranged in two rows are also present 
on the oral surface of the labella in adult chaoborid Chaoborus 


americanus (personal observation). 
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1.1.3. Chordotonal Organ 

Inside each labellum, a chordotonal organ with two sensory cells 
associated with it is situated close to the oral papillae (Figs. 30 anda 
31). At the ciliary region of the sensory cells, the cells are surroun- 
ded by six scolopale rods (Fig. 31). Desmosomes are found between the 
cell membrane of the sensory cells, and also between the sensory cell 
membrane and scolopale rods (Fig. 31). At the distal end of the chordo- 
tonal organ, only a single cap is present, which is surrounded by con- 
centric layers of fibrous elements (Fig. 30). I was unable to determine 
the distal attachment of the chordotonal organ using TEM, because of a 
lack of serial sections. From LM sections, it seems the cap is attached 
to the oral surface, at a region slightly anterior to the oral papillae. 

This is the first report of chordotonal organs in the mosquito 
labellum. It is similar to the chordotonal organ described in the legs 
of the shore crab Carcinus maenas (Whitear, 1960, 1962), and also to the 
Johnston organ scolopidium of Drosophila melanogaster (Uga and Kuwabara, 
1965), in having two sensory cells associated with one chordotonal organ. 
However, in the mosquito, at the ciliary region of the sensory cells, the 
two cells are separated by cell membranes, whereas in the shore crab and 
fruitfly, the ciliary segments are inside the scolopale without any mem- 
brane separating them. The presence of desmosomes in chordotonal organ 
were also reported in the tympanal organ of locust (Gray, 1960) and in the 
legs of shore crab (Whitear, 1962). They also found septate-desmosomes 
at various parts of the chordotonal organs. JZacharuk and Blue (1971b) 
also found a chordotonal organ with a single nerve cell within the 
antennal cone of larval A. aegypti, and suggested that it functions either 
as a stretch receptor, or as a monitor for low frequency vibration in the 


adjacent aquatic environment. 
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Fig. 31. Transverse section of labellar chordotonal organ showing electron-dense 
scolopale rods (Sr) surrounding two sensory neurones. Desmosomes (arrow heads) 
are found at the junction between the two sensory neurones, and also between the 
scolopale rods and the sensory neurones. 

Fig. 32. Vital methylene blue stained labellum of female Culiseta inornata, 
showing dendrites leading to the long labellar hair (L1) and apical hair (ah). 
S, socket. 

Fig. 33. Transverse section of two apical hairs near the hair tip. Each hair has 
two chambers, and five dendrites are found in one of the chambers. 

Fig. 34. The apical hairs extend from inside the labellar lobe to the outside 
through a "tube" (T). The number of dendrites here is four for each hair. 
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Behavioural studies have shown that mosquitoes often spread their 
labella when the labellar hairs are stimulated with sugar, water, and 
unacceptable compounds (see p. 17 for citation). But when mosquitoes 
are feeding on blood, the two labellar lobes are firmly appressed — 
against each other (Robinson, 1939; Gordon and Lumsden, 1939; Jones and 
Palitc,) 1973) 0) Drvaw. Horsfall of the Department of Entomology, 
University of Illinois at Urbana, Illinois, U.S.A.;, has made a film on 


the feeding behaviour of female A. aegypti on the footweb cf a frog, and 





he kindly loaned me the film for study. I also noted that the two 

labellar lobes were closely held against each other during the whole process 
of feeding on the host. Chordotonal organs are generally recognized as 
stretch receptors. Whitear (1960, 1962) suggested that in chordotonal 
crgans where each scolopidium is associated with two sensory cells, one 
sensory cell probably respond to stretching, and the other to slackening 

of the cap. The chordotonai organ in the mosquito labelium probably 
functions to monitor the spreading and closing of the labella during 
feeding. Both flexor and extensor muscles are present in the labella of 


mosquitoes (Christophers, 1960). 


PeleaAs © Apical: Hairs 

Inside each labellum, there are usually two hairs deeply invaginated 
in the lobe. These hairs emerge anteriorly through longitudinal "tubes", 
and project out between the folds at the tip of the labellum (Fig. 5). 
Near the distal end of the labellum, the two hairs share a common "tube" 
for a short distance (Fig. 34), but proximally, each hair is enclosed by 
a separate "tube" (Fig. 35). Vital methylene blue staining shows that 


these hairs are socketed at the base, with dendrites entering the hair 
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Fig. 35. Transverse section of an apical hair near the hair-socket (S) 
in female Aedes aegypti. A third lumen appears here, which is probably 
the extension of eh trichogen cell sinus. Note five dendrites are 
found here. 

Fig. 36. Transverse section of two apical hair sensilla proximal to the 
hair base. Five dendrites are found inside the dendritic sheath, the 
latter is enveloped by the trichogen cell (Tr). Two large vacuoles 
aie pital electron dense material are associated with the tormogen 
cell (To). “ 
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iumen and extending toe the tip of the h 
these hairs show that these hairs are double-chambered, with the smaller 
sacra containing five dendrites (Fig. 33). Near the base of the hair, 
besides the two lumina found at the distal end of the hair shaft, a 

third lumen appears (Fig. 35). This third lumen is probably the tri- 
chogen cell sinus. The dendritic sheath surrounding the dendrites becomes 
very distinct at this region. Proximal to the hair base, the dendritic 
sheath is enveloped by trichogen and tormogen cells, and the trichogen 
cell encloses the trichogen cell sinus (Fig. 36). The axons of these den- 
drites later join the labial nerve. As the number of dendrites at the 
hair tip is the eee eae peoxinalttc the hair base, and I could not 
find any evidence of a dendrite ending near the hair base, it is possible 
these apical hairs do not have a mechanoreceptive dendrite. Not all the 
five dendrites round in the hair shaft extend to the tip of the hair. 

In some sections at the distal ane of the hair, only four dendrites are 
found (Fig. 34). The number of apical hairs in each labellum is usually 
two, but in some specimens, three apical hairs are found. 

Transverse sections of the apical hairs can be seen in Figs. 5a and 
6 of Vogel (1921), but he labeled them as sensory celis. Zwonitzer 
(1962) also noted these apical hairs in female Culiseta inornata, 
but wrongly reported that they project anteriorly at the tip of the 
labellum in the same plane as the oral papillae. 

Structurally, the apical hairs can be classified as tckewal 164 
chemoreceptors. They differ from the medim-sized, aboral labellar hair 
in having a smooth outer wall. Since the apical hairs are so located 
that they will come into contact with the substrate when the mosquito is 


probing on the host, these hairs may be involved in the discrimination of 


the host. 
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i.e. Shiguiarvnatrs 

Cuticular hair-like projections covering the ligula in Aedes aegypti 
are not socketed at the base (Fig. 5). Each projection has a single lumen 
inside, but is devoid of any sensory structure. Transverse sections of 
the ligula also do not show any nervous tissue inside. Therefore a non- 
sensory function can be Seefeld to them. 

Owen (1963) reported from his behavioural studies using Culiseta 
inornata and Aedes dorsalis that ligular hairs are chemosensory Ace sy 
pond to water and sucrose. Later Larsen and Owen (1971) found that ee giay 
hairs in C. inornata are not chemosensory, and suggested that the behav- 
ioural response observed Be Owen (1963) was probably a result of the oral 
papillae coming into contact with the ligular surface which was coated 


WLehe che ces solution. 


l.2. LabialHairs 

Proximal to the labella, the outer surface of the labium is covered 
with scales, hairs. and microtrichia (Figs. 1, 3, 37, and 38). Pearson 
(1970) using LM, found that the labial hairs of female A. aegypti are 
innervated. Using vital methylene blue soni anes I found that there is 
one nerve cell associated with each hair, suggesting that these hairs are 
probably mechanoreceptors. LM sections of the labium showed that these 
hairs have only a single lumen in the hair shaft (Fig. 37). 

At the base of the labium, six to eight long socketed hairs are 
found on the ventral surface of the labium (Fig. 38). These hairs have 
sharp, pointed tips, with longitudinal grooves on the outer hair wall 


(Fig. 39), similar to the long labellar hairs. Whether these hairs are 
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Fig. 37. Transverse section through the labium of male Aedes aegypti. 
F, food canal; Hy, hypopharynx; L, labium; Lh, labial hair; Ln, 
labial nerve; m, microtrichia; t, tracheal tube. 

Fig. 38. Hairs at the base of male Aedes aegypti labium (arrow heads). 

Fig. 39. Higher magnification of Fig. 38, snowing socketed, 
longitudinally grooved labial hairs among the microtrichia. 
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innervated has yet to be studied. However, their external morphology 
suggests that they are probably mechanoreceptors. 

When a mosquito is feeding on a host, as the fascicle enters the 
host tissue, the labium becomes bent gradually, to a point where the 
labium almost becomes double under the head as the fascicle penetrates 
anes. os During such WMtaing of the labium, hairs at the base of the 
labium may touch the ventral side of the head. After feeding, the 
fascicle iZ gradually eased back into the labial theca during withdrawal 
of the fascicle from the host tissue, and the labium is observed to 
rock from side to side (see Gordon and Lumsden, 1939, and Jones and 
Pilitt, 1973, for a detailed description of such behaviour). As the 
labium straightens, hairs at the base of the labium may lose contact 
with the ventral wie of the head. Therefore these labial hairs are 
probably involved in providing information to the mosquito about the 
“state ~Or bending of tie labium during and after feeding. Schiemenz 
(1957) also noted a transverse row of seven hairs at the base of the 
labium in Culiseta (=Theobaldia) annulata, and suggested that these hairs 
probably play a role as tactile hairs in the bending of the labium during 
piercing and sucking. Christophers (1960) found in A. aegypti that the 
number and arrangement of these hairs are ere regular in the females 


than in the males. 
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2... Pascicular Stylets 
PIU i Ve pag birt 

The structure and function of the labrum and labral sense organs 
in different species of mosquitoes have been studied by many workers. 
Von Gernet and Buerger (1966) and I (Lee, 1974) have already reviewed 
this eubieee extensively. “In the present study, I examined the labra 
of both sexes of 40 species of mosquitoes belonging to 15 genera using 
SEM, and 10 species using LM (Appendix A). The primary purpose was to 
investigate any differences between the labra of Peete and 
nonblood-sucking mosquitoes. Whenever possible, I tried to locate the 
opening of the apical orth copeetca sensilla using SEM. The dorsal wall 
of the labrum was also examined in some species. 

in the Following description, I use the same terminology for the 
labral sense organs as Lee (1974). I attempted to measure the size of 
the apical and subapical sensilla using SEM, However, since the specimens 
were often tilted at different angles in the pictures, foreshortening 
makes an accurate measurement very difficult, and the angiemor tilt can= 
not be estimated because of the great depth of field of the SEM. Conse- 
quently the measurements given below can only be considered as rough 


estimates. 


De elicit mS eChsemOLngans 
9.1.1.1.  ApidaloSensilla 
In female mosquitoes, the apical sensilla are located at the tip 
of the labrum. The sensilla resemble fine, pointed finger nails 
(Figs. 44, 47-50). They are absent in all the male mosquitoes examined. 


Instead, in most of the male mosquitoes I have Studied, the tip of the 
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Fig. 40. Scanning electron micrograph of the tip of male Toxorhynchites 
rutilus labrum. 1 eens 

Fig. 41. Same of female T. rutilus. 

Fig. 42. Same of male Toxorhynchites brevipalpis. Arrow points to the 
dorsal longitudinal groove. 

Fig. 43. Same of female T.brevipalpis. 

Fig. 44. Apical sensilla on the labrum of female Culex declarator. 
Arrow head points to the opening of the sensillum. = 

Fig. 45. Same of female Trichoprosopon digitatum showing the opening of 
the apical sensillum, 
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Fig. 46. Ventral aspect of female Wyeom ia smithii labrum showing the 
opening of the subapical sensillum (arrow head). 

Fig. 47. Same of female Culiseta inornata. Arrow head points to the 
opening of the subapical sensillum. 

Fig. 48. Lateral top aspect of female Trichoprosopon digitatum showing 
the "papilla" on the opening of the subapical sensillum (arrow head). 

Fig. 49. Same of female Aedes excrucians. Note the "papilla" (arrow 
head) on the subapical sensillum. 

Fig. 50. Same of female Aedes pionips. Note the longitudinal groove on 
the apical sensillum, and the "yapilla" on the subapical sensillum 
(arrow head). 

Fig. 51. Subapical sensillum of the same specimen as Fiq. 50, except 
this one was taken from the other side of the labrum. Note the 
opening of the sensillum (arrow head). 
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Saerim 16 LoLrked (e1ge. 96,00, 65, 1/2,./6, 77, 79) with the following 
exceptions. In Anopheles stephensi and A. merus, the tip of the labrum 
is slightly forked, and in A. earlei, A. albimanus and A. farauti and 
Opifex fuscus, tne cip or tne daprur 1s nou" Lorked UP igss 53,7 54)°°78) . 
Apical sensillVavare’ absent’ in “both sexes’ of Toxorhynchites xutilus 
and Tr. brevipalpis. In 7, rutilus, the labral tip is forked (Figs. 40, 
Al), Wiereas int. brevipalpis -1t' 1s Mmany-pointed. (Pigs. —42).143)" 1. These 
sensilla are also absent in T. splendens (von Gernet and Buerger, 1966). 
It seems the absence of apical sensilla in this genus is related to 
feeding habits, as the adults of this genus feed only on plant nectar 
(Muspratt, 1952). However, apical sensilla are found in Wyeomyia smithii 
and Opifex fuscus (Figs. 59, 84) which are not known to feed on blood 
(See Price, 1958 for W: Smithii and Horsfall, 1955'for 0. fuscus), and 
The length of the apical sensilla ranges from 5 to 13 pp in most 
species, and in Uranotaenia lowii, these sensilla average only 3 p long. 
The outer wall of the sensillum is usually smooth (Figs. 44, 45, 47). 
In Anopheles earlei and some Aedes species, a longitudinal groove is 
found along the outer margin of the sensillum (Figs. 50, 51), as in 
Aedes aegypti (Lee, 1974). The opening of rabes sensi Lia liseditiicult 
to find using SEM. A single opening near the tip of the sensillum was 
observed only in a few specimens out of approximately 200 SEM preparations 
of female labra belonging to different species. In Culex declarator and 
Anopheles earlei, the opening is in a little depression (Fig. 44), whereas 
in Trichoprosopon digitatum, a tiny plug is present inside the depression 
(Fig. 45). In female A. aegypti, I found that the apical sensilla have 
five dendrites inside the lumen of the sensillum extending to the apical 


opening, resembling thick-walled chemoreceptors (Lee, 1974). 
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Qiedol 2.94 fUbapical,Sensilla 

These are present in all the female mosquitoes examined, except 
in Toxorhynchites species and in male mosquitoes (Figs. 41, 43). They 
are situated behind the apical sensilla, and most of them are either 
lateral om ventroslateral an position (Figs. 47-51)... im W. smithii, 
these sensilla are ventral in position w(Figs-)46, 59), ‘The length of 
the sensilla ranges from 5 to 12 p. An opening slightly behind the tip 
of the sensillum is seen in most of the species. In some caprtela Ee 
the opening appears to be on a small papilla (Figs. 49, 50), but in 
ethers, othe opening is in a depression, (Pigs,. 46, 47). . Trichoprosopon 
digitatum has the biggest arenes among the species examined (Fig. 48). 

in agsiangle preparation of Aedes pionips, I found. a papilia on 
one sensillum, and a depression on the sensillum on the other side 
(Figs. 50, 51). Since these sensilla are structurally very similar to 
the chemosensory hairs on the labella and tarsi of the blowflies in 
having two lumina in the sensillum (Lee, 1974), it is possible that the 
papilla is formed ie a substance secreted by the sensillum. Sturckow 
(1967a, b) reported that the chemosensory hairs on the tarsi and labella 
of the Wie ise secrete a viscous fluid through the tip opening. 

The subapical sensilla in Wyeomyia smithii, Opifex fuscus and 
Aedes atropalpus are morphologically similar to those in the mosquitoes 
that feed on blood. In mosquitoes that had blood-fed once, I could find 
no visible damage to either apical or subapical sensilla. 

Structurally, the subapical sensilla can be classifed as thick- 


walled chemoreceptors (Lee, 1974). 


2» L139) Labralekidge Receptors 


I first reported these receptors in both sexes of Aedes aegypti 
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(Lee, 1974). Whether these receptors are also present in the mosquitoes 


studied here has yet to be determined using TEM. 


2.1.1.4. Campaniform Sensilla 

These are generally located ventro-laterally near the opening of 
the labral food canal in both sexes of mosquitoes. Von Germet and 
Buerger (1966) reported that they found a peg projecting from the centre 
eC the senstiiumionly sin some;species. in thasestudy, T found*that a 
peg is always present wherever a campaniform sensillum (c.s.) is found. 
The location of the c.s., and the shape of the cap-membrane is different 
in different species of the same genus, and even among individuals of 
the same species. 

In male Anopheles species, the position of the c.s. varies between 
species. Inpagsearlel, Vag sterpiensa vand A. merus, the c.s- are located 
on the antero-lateral edges of the labrum, and in A. stephensi, each c.s. 
is "guarded" by a cuticular projection (Fig: 52). In A. albimanus, the 
anterior lateral hema of the labrum have extended forward, and the c.s. 
are locatedmtacerail ys1iside (Pig. >3) -seaitiyA. Lalautiyitnerc.s> are on 
the tip of the lateral edges of the labrum (Fig. 54). 

In female Anopheles mosquitoes, the ok are situated on the roof 
near the opening of the labral food canal in A. earlei and A. farauti 
(Figen 535,056). In A.veavleiy, one) c.5.9 1s) positionedrslightly anterior 
to the other (Fig. 55). In A. albimanus, A. stephensi “and A. merus, the 
O,s. 70re socated laterality Fig. >/) 

The cap-membrane in both sexes of Anopheles species examined is 
usually dome-shaped (Figs. 52-54, 56, 57). In A. earlei, the cap-membrane 


is peg-like, which could be due to shrinkage because of poor fixation, 
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Fig. 52. 
Fig. 53. 
Fig. 54. 
Fide. 55. 
Pig. 00. 
Fits!» 
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Campaniform sensillum (arrow) of male Anopheles stephensi. 
Note the "guard" beside the sensillum. awe es 


Same of male Anopheles albimanus. 

Same of male Anopheles farauti. 

Same of female Anopheles earlei. 

Same of female Anopheles farauti. 

Ventro-lateral aspect of female Anopheles merus labrum. 
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where the cap-membrane has collapsed on the tubular body underneath 
(Fig. 55)% 

C.s. are absent in the two species of Toxorhynchites I have 
studied (Figs. 40-43). They are present in both sexes of T. splendens 
(von Gernet and Buerger, 1966). 

‘In both sexes of Wyeomyia emichnia, whe Cas. are situated near the 
food canal opening on the lateral walls (Figs. 58, 59). The cap-membrane 
is conical in shape in both sexes. Hudson (1970) missed these Meet tia 
in her SEM study of this species. 

The c.s. in male Uranotaenia lowii are located on the indented 
lateral Vabratewa ll tacingsanteriorly W(iig.eoU).9 In the females, a 
median ridge on the roof of the labrum forms a partial partition between 
the two c.s., and the cap-membrane is conical in shape (BiG enol). 

In male Psorophora species, the c.s. are situated laterally as in 
male W. smithii, and the cap-membrane is conical in shape (gig oz). 

But in the females, part of the inner dorsal labral wall is split medi- 
ably, duo themc.s. Sy located along the edges of the median split 
(Figs. 63, 64). The socket of the c.s. is sickle~shaped (Fig. 64). 
Such median fissure on the labrum was not shown by Waldbauer (1962) 

in his drawing of female Psorophora ciliata labrum. 

In Trichoprosopon digitatum, Coguillettidia perturbans, Orthopo- 
domyia signifera, Eretmapodites chrysogaster, Opifex fuscus, Aedes, 
Armigeres, and in Culiseta species, the c.s. in the males are positioned 
laterally on the edge of the labral opening (Fig. 65), whereas in females, 
the c.s. are situated laterally inside the lateral labral walls (Fig. 66). 
The shape of the cap-membrane is variable in different species, and even 


among individuals of the same species. In most of these species, the cap- 
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Figs. 58-63. Campaniform sensilla on the labrum of male and female 
mosquitoes. Arrows or arrow heads point to these sensilla. 

Fig. 58. Male Wyeomyia smithii. 

Fig. 59. Female W.smithii. 

Fig. 60. Male Uranotaenia lowii. 

Fig. 61. Female U. Towii. 


Fig. 62. Male Psorophora varipes. 
Fig. 63. Female P. varipes. 
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membrane is either conical (Figs. 66, 69) or peg-like (Figs. 67, 68). 
The cap-membrane in some Aedes species have a notched tip (Fig. 65, 
arrow). In Culiseta species, the cap-membrane in some specimens 
is truncated at the apex (Fig. 70). In male Culiseta melanura, the 
cap-membrane of the c.s. is peg-like in some (Fig. 68), but conical in 
others (Fig. 69). Whether such variation is a fixation artifact has 
yet to be determined. 

In both sexes of Culex mosquitoes and in Deinocerites pseudes, 
the c.s. are not found near the opening of the food canal (tugs 71), 
as in the species described above, but are inside the food canal 
(Figs. 72, 73). Such similarity between the two genera probably re- 
flects their close phylogenetic relationship, as pictured by Ross (1951). 
Von Gernet and Buerger (1966) and Froelich (1971) have also noted that 
in Culex mosquitoes, the c.s. are located some distance away from the 
tip of the labrum. These sensilla are situated ventro-laterally inside 
the food canal, and are symmetrically arranged in D. pseudes and some 
Culex mosquitoes. But in some Culex mosquitoes, often one c.-s. is 
situated a little anterior to the other (Fig. 74), as in Anopheles earlei 
(Fig. 55). Such asymmetrical arrangement of the sensilla is independent 
of the sex and species in Culex, and there is no definite pattern regar- 
ding the relative position of the two c.s. The shape of the cap-membrane 
is always conical (Fig. 75). From LM measurements, the socket diameter 
of the c.s. in Culex mosquitoes is between 2 and 2.5 p, and that of male 
D. pseudes averaged 4.3 p and 3.5 p in the female. 

The average distance of the c.s. from the tip of the labrum, and 
the relationship of this distance to the length of the whole labrum are 


summarized in Table I. The position of the c.s. in female species in 
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Figs. 64-69. Labral campaniform sensilla (CSels 


Higher magnification of Fig. 63 showing the c.s. 
Male Aedes excrucians. The cap-membrane in one c.s. has a 


notched tip (arrow). 


Fig. 64. 
Figie 65. 
Fig. 66. 
Fig. 67% 
Fig. 68. 
Fig. 69. 


Female Eretmapodites chrysogaster. Arrow head points to the c.s. 
Female Aedes communis. 

Male Culiseta melanura. 

Same as Fig. 68. Note the difference in the shape of the cap- 


membrane. 
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Fig. 70. Campaniform sensillum (c.s.) of female Culiseta alaskaensis. 

Fig. 71. Labral tip of female Culex tritaeniorhynchus. Note the absence 
of c.s. in this region. 

Fig. 72. Phase contrast micrograph of male Deinocerites pseudes labrum. 
Note the position of the c.s. (arrow). 

. eer ue of female D.pseudes. Also note the position of the c.s. 

arrow). 

Fig. 74. C.s. of female Culex tritaeniorhynchus inside the food canal. 
Note the asymmetrical arrangement of the c.s. 

Fig. 75. C.s. of male Culex erraticus. 





ne) 


, 


aa : os 
_ 
>) oa, 


ma: : 
*s, then v 

J 
a : 2 


os 


a oe : 


aqme 


aay 4 











TABLE I 


Distance from the Tip of the Labrum to the 
Campaniform Sensilla (D), and the Relationship 
of this Distance to the Length (L) of the Labrum (L/D) 


(No. = Number of specimens examined). 


Female . Male 





D L/D No. D L/D 
Culex pipiens fatigans 153° 2.05 8 L178 LOESS 
Culex pipiens pipiens 2107 8.88 7 240 p 6.96 
Culex p. ment 08 woes Lhe 190° 7 LO .5D9 2 224 p 8.65 
Culex salinarius 199 TOse3 5 Zea 10.68 
Culex 6fracicus 148 p tie? Le oe 18.89 
Culex ocossa L507 10.45 4 145 yp 11.40 
Culex panocossa 158 p TOrLO 5 srl get Tors 
Culex peccator ila 2 ea Tee 8 74 p 25.0. 


Deinocerites pseudes 142 p hha yes 3h 2 126 p 20T67 
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Culex is 0.11 to 0.08 the length of the labrum from the tip, and in 
the males, the values vary from 0.14 in C. p. pipiens to 0.04 in 

C. peccator. The measurement of the distance between the c.s. and 
the tip of the labrum is accurate in most cases, but the length of the 
‘labrum in some preparations were approximated, as the labra were often 
twisted or curved in the preparations. Therefore the L/D values can 
be considered only as rough estimates. 


In Deinocerites: pseudes, the distance from the tip of the labrum 





to the c.s. is about 0.05 the length of the labrum in the male, and it 
Tom OnOGmT nae niem menial ems (lal komm ie 

In my 1974 study of Aedes aegypti, I proposed that the c.s. on 
the labrum might function as flow receptors, as these sensilla are present 
in both sexes of mosquitoes. Chapman et al. (1973) concluded from their 
experiments on the campaniform sensilla found on the legs of cockroach 
that indenting the dome (cap-membrane), which compresses the sensory 
process longitudinally, is an extremely effective experimental stimulus, 
rather than to stretch, pinch, or to bend it. In the mosquito labrum, 
the cap-membrane of many campaniform sensilla are directed anteriorly 
(Figs. 52, 60), so the oncoming food probably may push the cap-membrane 
in the direction of the socket, thus timed the sense organ. 

The shape of the cap-imembrane is also conical in the c.s. on the 
ee of the larval simuliids (Craig, 1974), but peg-like in adult 


chaoborid Chaoborus americanus (personal observation). 


221146 5¢Diseussien 
Toxorhynchites species do not feed on blood (Muspratt, 1952). 


Labral sense organs are totally absent in the two species studied here, 
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and.only c.s.sare present in T.»splendens (von Gernet and Buerger, 1966). 
Male mosquitoes are never known to feed on blood in nature, although in 
the laboratory, they can be induced to feed on blood (MacGregor, 1931; 
Day, 1954; Salama, 1966; Jones and Pilitt, 1973), however, males still 
prefer sugar solutions to blood (Jones and Pilitt, 1973). Only c.s. 

are present on the labrum of the male mosquitoes examined. It appears 
there is a direct correlation between the presence of apical and sub- 
apical sensilla and the blood sucking habits of mosquitoes. 

The retention of the apical and subapical sensilla in Wyeomyia_ 
smithii, Opifex fuscus and autogenous Aedes atropalpus is probably indi- 
cative that autogeny in gee species is a recent development, if one 
considers blocd-feeding behaviour in Diptera to be the primitive trait, 
as suggested by Downes (1958). With the scarcity. of blood sources and 
in adverse weather conditions, some Arctic mosquitoes are capable of 
becoming facultatively autogenous (Corbet, 1967). Autogenous mosquitoes 
have been reported in many different genera (see Clements, 1963), and 
the records of ee are still increasing. Spielman (1971) has reviewed 
the bionomics of autogenous mosquitoes, and pointed out that autogenous 
species are not as rare as most people believe. Nevertheless, the pre- 
sence of apical and subapical sensilla in biobd_ebdicing mosquitoes seems 
to indicate that these sensilla function in blood detection during 
probing in the host tissues, as these are the only probable chemoreceptors 
present in the fascicle that enters the host tissue. 

Pearson (1970) using electrophysiological recording techniques, 
failed to get any response when the labral sense organs of female Aedes 
aegypti were stimulated with different chemicals. In my present study, 


I found the opening of the subapical sensilla in some preparations was 
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secreted by the sensillunm. Stiirckow (1967) found in blowflies that 
chemosensory hairs with their tips covered with a viscous substance 

were not responsive to sugar. She therefore suggested that the presence 
of this substance on the pore inhibits the detection of sucrose. In 

A. aegypti, I have gece in my 1974 study that the subapical sensilla 
opens through a protuberance. But my subsequent investigation reported 
here has indicated that the protuberance was the result of the secre- 
tion from the sensillum, and the opening is through a tiny depression on 
the sensillum. Therefore, if behavioural or electrophysiological studies 
are to be done on these labral sense organs, care has to be taken to make 
sure the cpening of the sensilla is not occluded. It is possible that 
during the initial insertion of the labrum into the host tissue, any 
substance on the opening will be rubbed off by friction, exposing the 
receptive site, so the sensilla then may become responsive during probing 
in the host tissues. At rest, the presence cf this substance on the 


opening might help to conserve the fluid at the receptive site. 


2.1.2. Microsculpture on the dorsal wall of the labrum 

On the dorsal wall of the labrum of male Aedes aegypti, I have re- 
ported a longitudinal groove extending from near the tip throughout the 
whole length of the labrum (Lee, 1974). Such longitudinal grooves are 
found in most species examined here (Figs. 76, 77), but are absent in 
Anopheles species, Trichoprosopon digitatum, Wyeomyia smithii, Urano- 
taenia lowii, and Opifex fuscus (Figs, 78, 79). 

In female A. aegypti, I have also reported quadrangular cuticular 


thickenings on the dorsal wall of the labrum. Such microsculpture is 
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Figs. 76-81. Dorsal aspect of the labrum. 


Fig. 76: 
(arrow). 
Fig. ffs 
Fig. /8. 
groove. 
Fig. /9., 
Fig. 80. 
labrum. 
Fig. 81. 


Male Psorophora varipes. Note the dorsal longitudinal aroove 


Male Culex tritaeniorhynchus. 


Male Anopheles albimanus. Note the absence of a longitudinal 


Male Culex erraticus. Note the forked tip of the labrum. 


Microsculpture on the dorsal wall of female Anopheles albimanus 


Same of female Anopheles stephensi. 
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found in many species I have examined, and its structure varies among 
species. 

In Anopheles albimanus, the dorsal wall of the labrum is almost 
smooth except for shallow depressions (Fig. 80), whereas in A. stephensi, 
the depressions are much bigger (Fig. 81). In both sexes of Toxorhyn- 
chites rutilus, the dorsal wall of the labrum has a median longitudinal 
groove near the tip. But proximal to the tip, an elaborate pattern con- 
ene of oblique, longitudinal and transverse folds is found (Fig. 82). 
Near the middle of the labrum, this pattern changes into fine longitu- 
dinal folds and large transverse ridges. (Fig. 83). In Toxorhynchites 
brevipalpis, the median iieytscuereaes groove is present in both sexes 
(Figs. 42, 43), but whether they have such microsculpture as an 
T. rutilus remains to be determined. Labral microsculpture appears to 
be absent in Wyeomyia smithii, Coquillettidia perturbans, Opifex fuscus 
Cullexemolestusmandnc. declarator (Fig. 84). 

Small depressions are found on the labrum of Uranotaenia lowii 
(EL O6 85) pandas ce eer rare on the labra of Orthopodomyia signifera 
and Eretmapodites chrysogaster is the form of V-shaped depressions 
(Figs. 86, 87). In Psorophora varipes, a tiny dome resembling a campani-~ 
form sensillum is found inside each cuticular depression (Fig. 88). The 
microsculpture in Aedes species differs from species to species. The 
depressions are circular in A. canadensis (Fig. 89); longitudinal with 
tiny domes in A. communis, A. dorsalis, A. pionips (Fig 2990). longitue 
dinal in A: spencerii, A. togii, and A. atropalpus (Fig. 91); and trian- 
gular in A. vexans and A. cinereus (Fig. 92). The microsculpture in 
Armigeres durhami is similar to Aedes cinereus (Rig. .93) 7, and that. ot 
Culiseta inornata and Deinocerites pseudes is similar to Aedes atropalpus 


(Fig. 94). 
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Figs. 82-87. Microsculpture on the dorsal wall of the labrum. 


Fig. 82. 
Fig. 83: 
Fig. 84. 
Fig. 85. 
Fig. 86. 
Fig. 8/7. 


Male Toxorhynchites rutilus near the labral tip. 

Same as above. Near the middle of the Jabrum., 

Female Wyeomyia smithii. Note the absence of microsculpture. 
Female Uranotaenia lowii. 


Female Orthopodomyia signifera. 
Female Eretmapodites chrysogaster. 
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Figs. 88-93. Microsculpture on the dorsal wall of female labrum. 
Fig. 88. Psorophora varipes. 

Fig. 89. Aedes canadensis. 

Fig. 90, Redes communis. 
Fig. 91. Aedes atropalpus (autogenous). 
Fig. 92. Aedes cinereus. 

Fig. 93. Armigeres durhami. 
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The significance of the labral microsculpture is wknown. In the 
wing bases of Lepidoptera, Sharplin (1963) reported bending cuticle 
with characteristic cuticular depressions. Davies (1974) also found a 
striated band of elastic cuticle at the base of the filtering fan in 
larval simuliids. In both cases, the cuticle is flexible, and in black- 
fly Darvace the Aone the striated cuticle generates a force which 
is involved in rapid fan movements (Davies, 1974). In mosquitoes, the 
labrum is aiso very fliexibie, and is capable of movement in various dir- 
ections (Gordon and Lumsden, 1939; Griffiths and Gordon, 1952). The 
labrum always stains red with Mallory's Trichrome, suggesting the presence 
of the rubber-like protein, resilin (Weis-Fcgh, 1960). It is possible the 
cuticular depressions on the dorsal wall of the labrum are similar to 
those seen on the bending cuticle reported by Sharpiin and Davies. 

Many workers (Christophers, 1960; Waldbauer, 1962;.Hudson, 1970) 
have reported that the two walls of the labrum are joined laterally by the 
membranous lateral walls. But in female A. aegypti, I found that the mem- 
branous lateral walls are not joined to the labral nerve canal, but curled 
up on the latter (Lee, 1974). In the mosquitoes I have examined in this 
study, oe membranous lateral walls of the labrum can be seen hanging 
loosely over the lateral side of the inner ible verano wall of the 


labrum in many species (Fig. 95). 


2.2. Mandibles 
These stylets are greatly reduced in or absent from most male mos- 
quitoes. Studies on male mandibles to date are few. Mandibles are re- 


ported to be absent from male Anopheles maculipennis (Nuttall and Shipley, 
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Fig. 94. Microsculpture on the dorsal wall of female Culiseta inornata 
labrum. 

Fig. 95. Ventro-lateral aspect of female Toxorhynchites rutilus labrum. 
Note the lateral wall of the labrum is not attached to the ventral wall 

Figs. 96-99. Mandible of female mosquitoes. 

Fig. 96. Anopheles stephensi. Note the mandibular teeth. 

Fig. 97. Anopheles farauti. Also note the mandibular teeth. 

Fiq. 98. Aedes pionips. Note the absence of mandibular teeth. Teeth 
seen at the bottom belong to a lacinia. 

Fig. 99. Aedes togoi. Note the scalloped edges of the mandible. 














53 


1901), and in Anopheles punctipennis, Aedes stimulans and Culex 
pipiens (Thompson, 1905). Vizzi (1953) reported that the tip of male 
Anopheles gquadrimaculatus mandibles are blunt. The only major study 
was by Marshall and Staley (1935), who examined the maxillae and mandi- 
bles of 14 species of male mosquitoes representing five genera. They 
found that the mandibles are present in Anopheles, Orthopodomyia, 
CulisetagCulice: 1a) pang Culex (Culex) species, but are absent in Aedes 
(Aedes) and A. (Ochlerotatus) species. | 

In female mosquitoes, the mandibles are long and leaf-like, and 
are situated directly below the labrum. I have examined the mandibles 
of ten species of female mosquitoes belonging to five genera (see 
Appendix A). 

Teeth are found on the mandibles of female Anopheles stephensi 
and A. farauti. The teeth in A. stephensi are approximately 1.25 np 
long, 30-35 in number, and are founda along the laterai edge of the man- 
dibles (Fig. 96). They are 0.8 to 1 p apart from each other, and point 
slightly posteriorly. In A. farauti, the teeth are Op 7etow. i: Long; 
about 35 in number, approximately 2.2 p apart from each other, and are 
also Rs AAR directed (Fig. 97). 

The presence of mandibular teeth in mosquitoes was reported only 
in Anopheles maculipennis, where Nuttall and Shipley (1901) found 31 
teeth, Vogel (1921) showed 34, and Robinson (1939) reported 35-40 teeth 
spaced at about 2.5 p. According to Vizzi (1953), mandibular teeth 
are absent in male Anopheles quadrimaculatus. 

Mandibular teeth are absent in Aedes species, Culiseta inornata 
and Culex declarator (Figs. 98, 100). In Aedes togoi, the lateral edges 


of the mandibles are scalloped (Fig. 99). These scallops are probably 
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Female Culex declarator mandible. 





eres durhami. Note the teeth. 


Hypopharynx of female mosquitoes. 
Aedes communis. 
Aedes vexans. 

Armigeres durhaini. 
Culiseta inornata. 


Same of female Armig 





Note the dried saliva near the tip. 
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similar to the ones described by Waldbauer (1962) in female Psorophora 
Ctl iar vege la to2l Ss reported Chat mandibular teeth are absent in 
Culiseta annulata (reported as Culex annulata) and Culex pipiens. 

In female Armigeres durhami, small, anteriorly directed teeth: 
are found on the lateral edge near the tip of the mandibles (Fig. 101). 
To my Knowledge, this is the first report of mandibular teeth in mos- 
quitoes other than Anopheles species. 

Robinson (1939) suggested that the mandibles in female mosquitoes 
cover the opening of the labrum when the latter is not in use, and pro- 
tect the labrum during penetration. Later workers (Snodgrass, 1959; 
Christophers, 1960; Waldbauer, 1962; Hudson, 1970) agree with him about 
the function of the mandibles. But in female Aedes aegypti, I found 
that the mandibles are overlapped near the tip of the labrum, and form 
the floor of the labral food canal. The mandibles also serve to separate 
the food canal from the hypopharynx, thus forming a two-channel system: 
one for sucking blood, and one for injecting the saliva (Lee, 1974). 

I have since found similar arrangement of the mandibles in Aedes 
vexans. It is very likely that mandibles in other mosquito species serve 
a similar function as in Aedes aegypti. Overlapping arrangement of the 
mandibles can be seen in the transverse sections of Culex pipiens and 
Anopheles mosquitoes (Vogel, 1921), and also in Culiseta inornata (Larsen 
and Owen, 1971). Such arrangement of the mandibles occur also in other 
members of Diptera. In some cases, the mandibles have an interlocking 


device which may also fasten them to other stylets (see Matsuda, 1965). 
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2.3. Hypopharynx 

The hypopharynx, like the labrum, is an unpaired stylet. It is 
Situated below the mandibles. Previous workers have considered that 
the hypopharynx forms the floor of the labral food canal. However, in 
female Aedes aegypti, I found that at the distal end of the fascicle, 
the mandibles form the Floor Of the food canal. It as’ only near the 
proximal end of the fascicle where the two mandibles spread apart, that 
the hypopharynx forms the food canal floor (Lee, 1974). MacGregor 
(1931) reported that after the removal of the hypopharynx in A. aegypti, 
the mosquito was still capable of drawing fluid up the food canal. 

Vogel (1921) and Robinson (1939). also found that the hypopharynx is not 
essential in the formation of the food canal. 

In the present study, I have examined the hypopharynx of 26 
species of female mosquitoes belonging to 1l genera using the SEM. (see 
Appendix A). The general appearance of the hypopharynx is similar in 
all the species examined. It is a flat, delicate stylet, with the sali- 
yary duct located aiong its midline forming a ventral midrib, as in 
female A. aegypti (Lee, 1974). 

About 8 - 10 hair-like, interdigitating cuticular projections are 
found at the tip of the hypopharynx (Figs. 102-106). Such hair-like 
projections have also been reported in female Aedes stimulans, Wyeomyia 
smithii and Aedes atropalpus (Hudson, 1970). A longitudinal groove on 
the dorsal wall of the salivary duct is found in all the specimens exa- 
mined (Figs. 102-107), suggesting that the dorsal wall of the salivary 
duct may be interdigitated as in A. aegypti, as reported by Nehman (1968) 
and ‘Lee’ (1974), and the salivary "duct" is in fact a groove: Therefore 


I think the term "salivary canal" will be more appropriate. 
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Hypopharynx of female Culex tritaeniorhynchus. 
Same of female Toxorhynchites rutilus. 
108-111. Lacinia of female mosquitoes. 


Anopheles farauti, showing mesial teeth (arrows). 
Same as above, showing lateral teeth. 


Anopheles stephensi. Note the absence of mesial tee 


Orthopodomyia signifera. 
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In Toxorhynchites rutilus, the hypopharynx in the female has 
only four cuticular projections (Fig. 107). About 8 —- 10 cuticular 
projections are found at the tip of the hypopharynx in Opifex fuscus. 

The salivary secretion is a thick, viscous fluid, and very often, 
the tip of the hypopharynx is occluded by dried saliva (Fig. 103). 

In = study of Aedes aegypti, I have suggested that the so-called 
"fascicular fluid" is the saliva, which comes out through the longitu- 
oped interdigitated dorsal wall of the salivary canal and holds the 
stylets together (Lee, 1974). 

I have also suggested in the same study that the finger-like 
projections at the tip of the hypopharynx might help to conserve saliva 
when the mosquito sis! feeding, on; sugar) solutions. 9But my* later investi- 
gation reported ae of the hypopharynx in other species shows that the 
finger-like processes in many species are not big enough to close the ap- 
ical salivary canal opening (Figs. 102, 1057-106) ;e indicating that ‘these 
projections might serve other purposes. 

During blood feeding, saliva injection is reported to precede and/ 
Or accompany the act of blood-sucking (Nuttall and Shipley, 1901; Gordon 
and Lumsden, 1939; Griffiths and Gordon, 1952). Dr. W. Horsfall's film 
on the feeding behaviour of female Aedes aegypti on the foot-web of a 
frog also shows the injection of saliva as little "puffs" during probing 
and also during withdrawal of the fascicle. Devine et al. (1965) found 
that A. aegypti leaves a mean of 4.7 pg of saliva in a mouse when it 
takes a blood meal. Orr et al. (1961) observed that salivary glands in 
female A. aegypti become active again 24 hours after a blood meal, pro- 
bably to replenish the saliva lost during feeding. But Hudson (unpub- 


lished, from Orr et al,, 1961) found that female A. aegypti deprived of 
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saliva are still capable of normal feeding, laying eggs which hatched, 
and the larvae Heh eaoaed successfully into adults, indicating that 
saliva may not be important in normal feeding. Nonetheless, the 
injection of saliva during probing and withdrawal of the Pagel. seams 
to be an integral part of the feeding process. The cuticular projec- 
fidns 28 the tip of the ee may prevent possible blockage of 
the apical salivary canal opening by pieces of small tissue when the 
mosquito is probing with its fascicle inside the host tissue’ for a 
suitable feeding site. 

In male mosquitoes, the hypopharynx is fused to the ligula distally, 
and to the labium aeeetesiiy (Nuttall and Shipley, 1901; Thompson, 1905; 
Vogel, 1921; Marshall and Staley, 1935; Vizzi, 1953; Christophers, 1960; 
Lee, 1974). Since ae mandibles in many male mosquitoes are either 
greatly reduced or totally absent, the ventral closure of the food canal 
is formed by the hypopharynx. This kind of food canal formation probably 
is not as efficient as in the females: Nuttall and Shipley (1901) found 
that when the Asoga thes were allowed to feed on milk and sugar, the males 
took a longer time than the females to feed, although the males exerted 
themselves more in feeding. 

The dorsal wall of the salivary canal in male mosquitoes also has 
an interdigitated opening as in the females (Lee, 1974). The salivary 
See in male mosquitoes are rather small compared to females, and appear 
almost vestigial (Metcalf, 1945; Orr et al., 1961). Neither agglutinins 
nor anticoagulins are found in the salivary glands of male Anopheles 
quadrimaculatus (Metcalf, 1945). Agglutinins and anticoagulants are 
found in the saliva of some female mosquitoes (see Gooding, 1972 for 


review), but many species still feed successfully without these substances 
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(e.g. Aedes aegypti). As the composition of mosquito saliva is still 
poorly known, our knowledge on the role of the saliva in feeding is 


still fragmentary. 


eit Maxilla 

The two maxillary stylets of mosquitoes have long been considered 
to be the galea, but most recent authors have called them laciniae 
(Snodgrass, 1959; Matsuda, 1965; Nehman, 1968; Hudson, 1970), except for 
Owen et al. (1974) who labeled them as mandibles in their paper on 
female Culiseta inornata. 

In female mosquitoes, the laciniae are situated on either side of 
and below the midrib of the hypopharynx. Each lacinia is thickened at 
its inner margin and is membranous laterally. At its distal end, the 
outer margin is thickened, and bears a row of proximally-directed lateral 
teeth (Pigesml00-lls, 11/7, 118, 122). BAsrow. of distally—pointed mesial 
teeth occur also on the mesial srvde Of the stylet (Figs. l0S;alaty 118) . 
Posterior to the lateral teeth, the lacinia is usually annulated, and 
bears consecutive rows of vestigial teeth in line with the lateral teeth. 
The vestigial teeth occur usually only in the distal one-third of the 
lacinia. 

Although the laciniae are also present in male mosquitoes, they 
are usually reduced compared to females (Marshall and Staley, 1935). 

In Aedes aegypti, teeth and annulations are absent on the male stylets 
(Lee, 1974). 
Robinson (1939) has pointed out the importance of the laciniae 


in penetrating host tissues, and found that mosquitoes with both 
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Culex territans. 
Toxorhynchites rutilus. 


er 


Opifex fuscus. 





Lacinia of female mosauitoes. 
Culiseta morsitans. 


Trichoprosopon digitatum. 


Uranotaenia lowi1. 
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Figs. 118-123. Lacinia of female mosquitoes. 

Fig. 118. Culiseta inornata. 

Fig. 119. Deinocerites pseudes. Note the absence of vestigial teeth. 

Fig. 120. Aedes atropalpus (autogenous). Note the comb-like vestigial 
teeth arranged in a row behind the lateral teeth. 

Fig. 121. Culiseta inornata. Note the vestigial teeth are arranged in 
patches. 

Fig. 122. Same as above. The posterior edge of some lateral teeth is 
fringed with vestigial teeth, 

Fig. 123. Aedes atropalpus (autogenous), showing three hairs near the 
base of the lacinia. 
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laciniae cut off could not be induced to feed, though mosquitoes 
with only one lacinia could still feed, but with great difficulty. He 
has also given a detailed description of the mechanism of piercing by 
the laciniae during feeding. 

Roubaud (1928) suggested that differences in the average number 
of teeth on a single aetna (maxillary , index) in individuals of a 
Anopheles maculipennis from various geographical regions of the world 
can be related to the differences in the thickness of the skin of their 
respective host (cited from Robinson, 1939). However, Robinson (1939) 
argued that since mosquitoes with only one lacinia left can still feed 
successfully on a host, the addition or substraction of a tooth from 
the stylet will not make any difference on the type of the hosts. 

The main purpose of the present study on the laciniae was to de- 
termine if the number of maxillary teeth in different species of mos- 
quitoes can be related to their hosts. The laciniae of 31 species of 
female mosquitoes belonging to 14 genera were examined using SEM. For 
each species, at least three specimens were examined. The number of 
teeth and the number of specimens studied were listed in Table II. The 
lateral teeth are usually very easy to see using LM. But to see the 
mesial teeth, SEM is necessary, as these emt are rather thin and small, 
and very often, the specimens have to be rotated in order to get the 
right angle to observe them. 

In the following description, most of the information regarding 
the hosts of the mosquitoes came from Horsfall (1955); Carpenter and 
LaCasse (1955); Gillett (1971); and Wright and DeFoliart (1970), unless 


otherwise stated. 
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TABLE IT 


Table Showing the Number of Lateral (Lt) 

and Mesial (Mt) Teeth; the Presence (+) or 
Absence (-) of the Vestigial Teéth (Vt), and 
the Hosts of the Mosquitoes studied. 





—_ Species | Lt Mt Vt Hosts 
Anopheles farauti 18 or 19 2 WB 
Anopheles stephensi | 13 None WB 
Anopheles merus 14 None WB 
Toxorhynchites rutilus None None NB 
Trichoprosopon digitatum 12 None 5 A 
Coquillettidia perturbans 12 None = WB 
Uranotaenia lowii AS None CB 
Orthopodomyia signifera 16 53 A 
Psorophora ferox 2 Ores Sy aa te} WB 
Psorophora varipes 2oeeOtee yee BS 
Eretmapodites chrysogaster 16 eo man 
Aedes communis Hed : 5 + man 
Aedes excrucians LS oP iene) man 
Aedes fitchii 2 ee 8 WB 
Aedes flavescens 14 4 WB 
Aedes atropalpus (autogenous) 14 4 a NB 
Aedes togoi 11 5 BS 


Aedes polynesiensis as 5 BS 










» (ad) FaangAs Lo voc oil salient : 
: 10 (+) Soonnert? «nt: ptgee? (iM) Lalaom baa - at 
bie . (2V) deo’ Lotpldeet ada ot) permed ) > © ee ee 
balbyuje sonctivpnoM off te BxeoH only . 





Species 


Aedes vexans 
Aedes cinereus 


Armigeres durhami 


Armigeres subalbatus 


Opifex fuscus 


Culiseta alaskaensis 


Culiseta inornata 
Culiseta morsitans 


Culex territans 


Culex pipiens molestus 


Culex tritaeniorhynchus 


Culex salinarius 


Deinocerites pseudes 


A = Josue 


BS = blood-sucking 


CB = cold-blooded animals 


WB = Mammals 


NB = non-blood sucking 





TABLE II (Continued) 
Lt Mt 

a3 4 

16 7 

16 5 

14 5 

12 4 

Tad DB 

14 4 
8 None 

i) None 
L270 sas None 
aT OG is None 
2 None 

LS 4 


* = host identity still doubtful 
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vt Hosts 
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2.4.1. Lateral and Mesial Teeth 

Both Anopheles farauti and A. merus feed on man and other animals 
and are vectors of malaria, with A. farauti being important in the 
transmission of filariasis (Bryan, personal communication). The number 
of lateral teeth is quite different in these species (Table II). Mesial 
perenuere found only in A. farauti (Fig. 108). Oblique striations are 
found beside the lateral teeth in the three anopheline species studied 
(rigs s.109,5410).. 

Mosquitoes that are primarily bird feeders are Trichoprosopon 
digitatum (Davis, 1944, from Horsfall, 1955), Orthopodomyia signifera 
(H. C. Chapman, personal communication), Culiseta morsitans and Culex 
tritaeniorhynchus. Mesial teeth are absent in all of them except 
QO. signifera (Table 11), which has five mesial teeth (Fig. 111). The 
MNumber of lateral -teeth, ranges. from.8.in C. .morsitans. (Fig..112). to 16 
ingO. Signifera, Chg ee We digitatum, using the LM, the number of latcral 
teeth appears to be 16-18, but only 12 are seen with SEM. This is be- 
cause the annulations following the lateral teeth are so thickened 
(Fig. 113) that they appeared as "teeth" under the LM. Therefore if one 
is to use LM to count the number of maxillary teeth, caution has to be 
taken not to count the annulations as teeth! 

Mosquitoes that feed on cold-blooded animals like frogs and toads 
are Uranotaenia lowii (Remington, 1945; H. C. Chapman, personal communi- 
cation) and Culex territans. Mesial teeth are absent in both species, 
and the number of lateral teeth is 15 in both species (Figs. 114, 115). 
Here, as in bird feeding species, tthe absence of mesial teeth seems to 
be related to the host. But mesial teeth are also absent in some mos- 


quitoes that feed on man and other mammals (Table LE} « 
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In Toxorhynchites rutilus where the adults feed only on plant 
nectar (Muspratt, 1952), both lateral and mesial teeth are absent (Fig. 
116). But in Opifex fuscus where the adults are never known to feed 
on blood (Horsfall, 1955: D. A. Craig, personal communication), both 
lateral and mesial teeth are present (Fig. 117). The adults of Wyeomyia 
smithii are also not known to feed on blood (price 1958), and Hudson 
(1970) found 8 - 10 lateral teeth in the females of this species. . She 
also found 14 lateral and 4 mesial teeth in the autogenous and anauto- 
genous forms of Aedes alropalpus. I found the same number of teeth in 
the autogenous strain of this mosquito I obtained from Dr. R. Brust of 
the University of Manitoba. 

The rest of the mosquitoes listed in Table II not mentioned above 
all feed on man and animals, including Armigeres subalbatus (Dao Van Ty, 
1945, cited from Baar, 1964) and Armigeres durhami (Cheong and Oinar, 
1967). Both lateral and eye mages are present in these species 
(GQhaolie. IIE}, 

The number of maxillary teeth is variable even within the same 
species, as noted by Kulagin (1905). In Anopheles maculipennis, Nuttall 
and Shipley (1901) found 13 lateral teeth, but Vogel. (1921) reported 16. 
In Culiseta annulata, Vogel (1921, reported as Culex annulata) found 14, 
but Schiemenz (1957, reported as Theobaldia annulaca) found 9 = 12 
tateral teeth. in A. aegypti, the number. of Lateral teeth varies bet- 
ween LOmance Ome isc emo ee 

It is clear from the data presented above, that there is no obvious 
relation between the number of lateral teeth, or the presence or absence 
of mesial Leechers the type of hosts that the mosquites feed on. 

The lateral teeth are important in piercing and withdrawal of the 


fascicle during feeding, as described by Robinson (1939). The function 
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of the mesial teeth is still uncertain. In female A. aegypti which 





have been blood-fed once, the sharp points on the mesial teeth show 
no visible damage. In some species, the mesial teeth are without 

sharp points (Figs. 108, 117, 118). The fact that the mesial teeth 
are absent in many blood-sucking mosquitoes probably indicates that 


they do not play a vital role in feeding. 


2.4.2. Vestigial Teeth 

Posterior to the lateral teeth, and in line with these are conse- 
cutive rows of vestigial teeth. Such vestigial teeth have been reported 
by Hudson (1970) in Aedes stimulans, Aedes atropalpus and Wyeomyia 
smithii, and in Aedes aegypti by Lee (1974). 

Vestigial teeth are absent in Culex and Deinocerites species. exa- 
mined (Figs. 115, 119). In those mosquitoes with vestigial teeth, 
three different patterns were found depending on the species. In Aedes 
atropalpus (autogenous) and Opifex fuscus, the vestigial teeth are in 
linear comb-like groups (Wigs 120) feaslinttemale Alhwacgypts reported by 
reer G07 4) ein Aedes communis, Culiseta inornata and Culiseta morsitans, 
the vestigialhtéethvarerinacirculhar patchés (Fig2)121).'\Véestigial teeth 
in Trichoprosopon digitatum are arranged in horizontal rows of V3 .toe4 
near the anterior end of the lacinia on the annulations (Fig. 113), with 
the last few rows having only 2 teeth. In Culiseta inornata, the pro- 
ximal edges of the posterior lateral teeth are also fringed with vesti- 
gial teeth (Fig. 122). 

In all the species examined in this study, the vestigial teeth 
occur only at the distal end of the lacinia. Near the base of the 
lacinia in Aedes atropalpus, three little hairs which point posteriorly 


are found (Fig. 123). The significance of these hairs is unknown. 
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2.5. Inability of Newly Emerged Female Mosquitoes to Feed 

The fiee that Seauieete do not take a blood meal immediately 
following emergence has been noted by many workers, and Christophers 
(1960) has already reviewed this subject. However, very few explanations 
for such behaviour were given. Jones and Pilitt (1973) found that 
majority of female Aedes aegypti took their first blood meal when they 
were 23 to 26 hours old, and they attributed this behaviour to 
activation by a hormone, but presented no evidence to support it. 

Nuttall and Shipley (1901) suggested that newly hatched mosquitoes 
are unable to perforate the skin of the host until the mouthparts have 
hardened, a process requiring a variable length of time. In Aedes 
aegypti, I reported that the fascicular stylets in teneral mosquitoes are 
not fully sclerotized immediately following emergence (Lee, 1974). 
Moreover, in A.aegypti less than five hours old, the labellar lobes and 
the labial Brant ii full-of -céllular ee ere as compared to older 
adulpsa(ceetLees 1074 0irigs 949.5 ,) 20), and (where 11 as: that of an 
older adult), indicating that the development of the labium is not 
complete, thus supporting the suggestion of Nuttall and Shipley. 

In Anopheles quadrimaculatus, Metcalf (1945) reported that the 
Salivary glands of newly emerged adult females become fully developed 


8 to 12 hours after emergence. 
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on Cibarium 

This is a muscular pump situated at the proximal end of the 
labrum, a structure often referred to as the pharynx by many workers. 
Snodgrass (1959) noted that this structure is homologous to the cibarium 
of the cockroach, and I here follow his interpretation. 

The mosquito cibarium is a dorso-ventrally flattened, tubular 
structure lying under the clypeus. At its anterior end, the Rares 
is attached to the ventral wall of the labrum dorsally, and to the 
dorsal surface of the hypopharynx ventrally. Beer iene the cibarium 
is connected to the pharyngeal pump. For a detailed description of the 
cibarium and its musculature, see Christophers (1960). 

Sense organs are present inside the mosquito cibarium, as already 
noted by many workers (see Lee, 1974 for review). Behavioural studies 
have indicated that the cibarial sense organs are probably sensitive to 
blood and sugars (Day, 1954; Hosoi, 1959; Owen, 1963, 1965), and also 
to unacceptable compounds (Owen, 1963; Salama, 1966), thus suggesting an 
important role these sense organs might play in the feeding behaviour 
of the mosquitoes. 

Specialized hair-like structures located in the postero-ventral 
wall of the cibarium are found in some Anopheles and in all Culex females 
examined, structures which Annett, Dutton and Elliott (1901) termed 
"rods and cones" (cited from Patton and Evans, 1929). Patton and Evans 
(1929) referred to these structures as "specialized hairs" in female 
Anopheles costalis., Later workers cabled thesesstructures jeather bucco- 
pharyngeal or cibarial armatures, and their taxonomic importance was 
pointed out by Sinton and Covell (1927), Barraud and Covell (1928) and 


Michener (1944). 
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In this study, I examined the cibaria of 37 species of mosquitoes 
representing 10 genera with LM, and that of female Anopheles farauti, 
Aedes aegypti, Culiseta es ee and Culex declarator with SEM (see 
Appendix A). The probable functions of the cibarial sense organs and 
the cibarial armature are discussed on the basis of the behavioural 
studies of earlier Moone: The taxonomic importance of the cibarial 
armature in mosquitoes of the Culex (Melanoconion) complex is also 
discussed. 

In the following description, the terminology for the cibarial 
sense organs is the same as Lee (1974) (Fig. 124). At least four 
specimens were studied for each sex of each species. Unless otherwise 


mentioned, the following description applies to both sexes of mosquitoes. 


3.1. Size of the Cibarium 

The length of the cibarium was taken from the isthmus between the 
labrum and the anterior hard palate to the posterior edge of the cibarium 
between the two lateral flanges (Fig. 124). For species with cibarial 
armature, the length was taken up to the median posterior end of the 
armature. 

Generally, the length of the riers twice its width, and the 
anterior hard palate is about one-third the length of the cibarium, 
though there are exceptional cases. For Pe ees Ts Wyeomyia smithii 
and Toxorhynchites species, the anterior hard palate is about half the 
length of the cibarium (Figs. 126, 127). The other exception is in 
Psorophora species. In P. ferox, the length of the cibarium is about 
4.5 times its width in the males, although in females, the length is 
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Fia. 124. Dorsal aspect of a generalized cibarium to show the position 
of the sense organs, and the way the measurements were taken. 


Fig. 125. Cibarium of female Anopheles stephensi. 
Fig. 126. Same of Wyeomyia smithii. 
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Figs. 127-130. Cibarium of female mosquitoes. 
Fig. 127. Toxorhynchites splendens. 


Fig. 128. Coquillettidia perturbans. 
PAG. (he te Sake dorsalis. 





Fig. 130. Psorophora ferox. 
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cibarium is 3.7 times its width in the males, and 3 times in the 
females. 
The male cibarium is always absolutely smaller than the female, 


due to the relative size of the adults. 


3.2. Cibarial Sense Organs 
3.2.1. Palatal Papillae 

These papillae are socketed at the base, and are located on fee 
anterior dorsal hard palate’ {(dhp) of the cibarium (Fig. 124): Sinton 
and Covell (1927) were See ee the first to have noticed the presence 
of these papillae in mosquitoes, and called them palatal papillae. 
The number of poor line is usually four in Anopheles, Toxorhynchites, 
Armigeres, Culex, most Aedes and in Wyeomyia smithii and Opifex fuscus 
(Pigs eae 7s Seles 135). In Psorophora and Culiseta species, and 
in Aedes dorsalis and Coquillettidia perturbans, the number of the 


papillae ie. sieai(eics,. 128-130, 134, 7138). 


3.2.1.1. Mosquitoes with Four Palatal Papillae 

In mosquitoes having four palatal Sas the papillae are nor- 
mally arranged in a quadrangle near the middle of the dph., but there 
are exceptional cases. 

In Anopheles mosquitoes, the papillae have short papillar shaft 
and are closely packed in one group near the posterior end of the dhp. 
(Fig. 125). Sinton and Covell (1927) also found this arrangement in 


the Anopheles mosquitoes they studied. Nuttall and Shipley (1903) 









ak te 
: 7 - - 

eft ol eomis € bade ,eolem ot ak iayhw aah : 
7 i 

4! 


7 © ° 

: | res 

,olsent edt aait telisom yindwloeds nyewln al rwisedts stam 
.2tubs off 20 sete ovisslex oft 


















— i 


eispxrO senda fatzedt9 8.8 
asitiged ierasas es: 


aft no. bejsool aime bap ,ersd ons op bavetsvoz oan a | eaodtT 


oe 
7 
a 


uy 
pints .(bS! .pt®) suoifivedio of? Jo (qth) steieg Saad leases solesas - 


sonses1q oft hevidon oved oF te1t? odd yidedosg Siew «ésesr) LisvaD brs 7 a 
elliqes IateIng eae ity CEs o> BRA . ooo) Epa ni seliligaeg esnift lo 
asl fony) unoxe st ,esiadons ni wor vl Lathes ai ssiligeqg to tedaunt edt an 
au leut 4uSiqod Sop. tier ehyacey “a ni bre ss ian ugha esioplayé a » 
box ,aSiSeqe sjtaet ley bas sypigodoad a MEL AEL-gtd WSL-2SL -oph') _ 
a's Jo sod ot earnest) Lape tate akan Sahek mk 

er wet yotr-upe veeld) xle et estitged 7 


seliiged Isdaied suo dadw 2eo7lupeo L.£,8.8. 
“son o16 osiliqsg si? ,eetiigag isteleg x08. ont wad sendiupeom ol 
oreds stud re be agin od3 ison steconaum 8 nt Regier 


Figs. 131-135. Cibarium of female mosquitoes. 
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noted the palatal papillae in longitudinal sections of female Anopheles 
maculipennis, but regarded them as cuticular folds. 

In Toxorhynchites species, the papillae are mostly arranged in a 
quadrangle near the middle of the dhp. (Fig. 127). However, in some 
individuals of T. rutilus, two papillae on one side are very closely 
Aenea and share a single socket, thus giving the impression that 
the specimen has only three papillae. 

Palatal papillae in Opifex fuscus are arranged in groups of two 
@ach on. the, lateral edge of the dhp. (Fig. 133). Arrangement of the 
palatal papillae is mostly quadrangular in Aedes, Armigeres and Culex 
species, and also in Peace SMe) wets eo ieee 827 oO). 

But in some female Aedes communis, male Aedes togoi, and both sexes of 
some Gabe Sees three palatal papillae were found on one side of 
dhp., with only one on the other side of the dhp. [In Culex (Lutzia) 
fuscanus, the arrangement of the palatal papillae is different from 
other Culex mosquitoes in that they are closely packed in one group 
near the centre of ne posterios half of the dhp., similar to the 
arrangement in Anopheles mosquitoes. Barraud and Covell (1928) have 
also noted this peculiarity. 

More than four palatal papillae were found in some Aedes mosqui- 
toes. In one each of female A. canadensis, and A. vexans, and in one 
male A. aegypti, a small papilla with a small socket was found anterior 
to the papillar quadrangle on one side of the dhp. 

The size of the socket and the length of the papillae are vari- 
able. In Anopheles mosquitoes, the socket diameter averages 3 p, and 
the papillae are 2 to 3 p long, except in A. earlei, where the papillar 


length averages 4 p in the males and 7 p in females. In Culex fuscanus 
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where the papillar arrangement is similar to the Anopheles mosquitoes, 
the socket diameter averages 3.5 pp, and the papillae are 7 - 10 p 
long. 

In Opifex fuscus and in Toxorhynchites species, the socket 
diameter averages 5 pj, and the papillae are 7 - 10 p long, with some 
T. brevipalpis having the longest papillae, up to 15 p. Socket diameter 
in Wyeomyia smithii and Armigeres species averages 5 pe and the papillae 
are (10° — Se ue Long a 

In Aedes species, the socket diameter ranges from 2.5 p in female 
A. atropalpus and male A. polynesiensis to 6.5 pp in female A. canadensis 
and A. trichurus. The length of the papillae ranges from 5 p in male 
BR. togoi (e710 wine female Apyteichurus. In Cullex mosquitoes, the soc- 
ket diameter averages 3.5 mw, and the papillae are 3 - 7 p long. 

Using the SEM, an opening 0.15 p in diameter is found at the tip 
cf palatal papillae in female 2 een (Pigs. 136, 137)... “Ehe. socket 
is not as distinct as seen with LM, but the diameter of the socket is 
BU ,s and Eheepapi Tae are J75e—"107 long, as#reported by Lee (1974). 

In one specimen of female Aedes communis, a palatal papilla with a 
bifurcated tip was observed with LM. Papiltac with sbiturcated tips are 
quite common in female Culiseta inornata (see below). 

Dapples and Lea (1974) have obtained SEM pictures of some cibarial 
sense organs of A. aegypti using freeze-fracture method, but described 
them only as sensory receptors. Their Figure 2 shows two palatal 
papillae, Figure 3 a trichoid sensillum, and Figure 4 a campaniform 


sensillum . 
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Figs. 136-141. Cibarial sense organs of female mosquitoes. 

Fig. 136 and 137. Palatal papillae of Aedes aegypti, showing the apical 
opening. 

Fig. 138. Culiseta inornata, showing six palatal papillae on the 
anterior dorsal hard palate (dhp). ts, trichoid sensi] lum. 

Fig. 139. Palatal papilla of Culiseta inornata with bifurcated tip. 
Arrow points to the probable opening of the papilla. 

Fig. 140. Same as above, with an unknown substance at the tip of the 
papillae (arrows). 

Fig. 141. Palatal papilla of Culiseta jnornata with four-pronaed tip. 


78 





i9 


3.2.1.2.. Mosquitoes with Six Palatal Papillae 

In mosquitoes with six palatal papillae, the papillae are usually 
situated on the anterior half of the dhp., and point posteriorly (Figs. 
128-130, 134), except in Aedes dorsalis, where the papillae are situ- 
ated near the middle of the dhp. (Fig. 129). They are normally arranged 
in two rows of three each on the lateral sides of the dhp. (Figs. 128 - 
130, 134, 138). The most anterior pair are often situated slightly. 
apart from the rest, and are smaller in size. The remaining four form 
a quadrangle as in those mosquitoes with four palatal papillae. Using 
LM, the socket diameter of the first pair of palatal papillae averages 
2 = 3, and. the papillae are 570 —"8:5 nm Long; the second and third 
pair have a socket diameter Glee eon lye and Uic papillae are 5 = 12° 
long. The socket diameter and the papillar shaft are smaller in the 
males than in the females. 

iu the cibaria of female Coquillettidia crassipes (reported as 
Taeniorhynchus crassipes), Culiseta (=Theobaldia) niveitaeniata, Culiseta 
(=Theobaldia) longiareolata and Aedes Caspius (reported as Ochlerotatus 
caspius), Barraud and Covell (1928) also found three pairs of palatal 
bears ws 

In female Culiseta inornata, under the SEM, the sockets of the 
palatal papillae are very distinct in most cases (Figs. 138 - 141). Many 
Of thespapillacehave biturcated tips (Figs. 3s"="140), and such papillae 
are not limited to any particular pair. The opening in these papillae 
appear TO Occur on Only one “of the bifurcations (Fig. 139, arrow). In 
some cases, a droplet is found at one of the two tips (Fig. 140, arrows). 
In some papillae, the tip is four-pronged (Fig. 141), with two long and 


two short prongs.” In “the simple papillae, “an opening of 0.2 = 0.251 in 
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diameter is found at the tip (Fig. 142). The fact that these papillae 
open through the tip suggests that they might be thick-walled chemo- 
MECEDEORS « 

Sensilla with bifid tips were reported on the prementum of slay 
Prairie grain wireworm Ctenicera destructor by Bellamy (1973), and also 
on ans labella of the tsetse fly Glossina austeni by Rice et al. (1973a). 
In the wireworm, Bellamy found that the hair is innervated by a single 
dendrite which appears to penetrate a short distance into a central 
lumen, and the tip of the dendrite contains a tubular body. In the 
tsetse fly, Rice et al. reported that the setiform sensilla with bifid 
tips (LR5) are innervated by a mechanoreceptive dendrite terminating at 
the base, and one chemoreceptive dendrite extending to the tip of the 
seta. © From their eee soci fet studies, they suggested that these 


sensilla probably detect the NaCl and ATP. 


3.2.2. Campaniform Sensilla 

These are found in all the mosquitoes examined. They are situated 
one on either side of the posterior half of the dhp. on the dorsal mem- 
branous wall of the cibarium (Figs. 124-135). 

In Culex and most Anopheles species, the average diameter of the 
Campanitorm sensilla 2s 9365 pes Bub ingA.) earnlei, the diameter?a6)5-- 6 p. 
In Toxorhynchites and Aedes species, the campaniform sensilla have a 
diameterro£r =c85n, depending on the®species. -In-the rest of the species 
listed in Appendix A but not mentioned above, the diameter of the campani- 
form, sensilla averages 4.5 up. 

Under the SEM, the shape of the cap-membrane in the campaniform 


sensilla is very similar to that in the labral campaniform sensilla. 
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Figs. 142-147. Cibarial sense organs of female mosquitoes. 

Fig. 142. Culiseta inornata, showing the apical opening of one palatal 
papilla. 

Fig. 143. Campaniform sensillum of Culiseta inornata. 

Fig. 144. Palatal papillae (pp), trichoid sensillum (ts), and 
campaniform sensillum (cs) of Aedes aeqypti. 

Fig. 145. Trichoid sensillum (ts) and a aes papilla with bifid tip in 
female Culiseta inornata. Arrow points to the probable site of the 
opening. 

Fig. 146. Ventral papillae (vp) of Anopheles farauti. Note the cibarial 
armature posterior to these papillae. 

Fig. 147. Same as above, showing the apical opening of the ventral papilla. 





In Aedes aegypti, the cap-membrane is usually conical, like that in 
female Culiseta inornata (Fig. 143). But in some cases, the apex of 
the cap-membrane is notched (Fig. 144), as in the labral campaniform 
sensilla of some mosquitoes (Fig. 65). 

In the cibarium of the blowfly Calliphora erythrocephala, Rice 
(1973) found four ee co sensilla, but the’ shape of the cap-membrane 
is dome-shaped. 

Sinton and Covell (1927) and Barraud and Covell (1928) have 
pictured the campaniform sensilla in their study on the cibaria of ano- 
pheline and culicine mosquitoes, but they grouped them with the dorsal 
papillae ~and)trichoid sensilla, and called them dorsal papillae. Day 
(1954) is probably the first to recognize these sensilla as campaniform 


sensilla. 


Soe oe Dorsal’ Pani) tae 

These are situated on the membranous dorsal wall of the cibariun, 
and only one pair is found in all the mosquitoes examined (Fig. 124). 

In Anopheles, these papillae are located near the middle of the 
Ccibarium, and they are situated a short distance apart from each other 
(Fig. 125), as already noted by Sinton and eee (1927). nn A. albimanus, 
the two dorsal papillae are closely placed on the midline at the middle 
of the cibarium. Sinton and Covell (1927) erroneously identified both 
as one papilla. They also reported that A. argyritarsis female has only 
one dorsal papilla. 

In Orthopodomyia, Barraud and Covell (1928) found that the dorsal 
papillae are located near the middle of the cibarium slightly apart from 


each other, as in Anopheles. 
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In all the cibaria of other mosquitoes listed in Appendix A, the 
dorsal papillae are situated one on either side of the posterior end 
of the dhp., immediately behind the campaniform sensilla (Figs. 126 - 
135). Structurally, these papillae are similar to the palatal papillae 
in being socketed at the base, each having a thick, papillar shaft. In 
female Culiseta inornata, the tip of the papilla is slightly bifurcated 
(Fig. 145, arrow), and it is probably through there the papilla opens 
to the outside. From ILM measurements, the diameter of the sockets 
ranges between 3 to 5 p, and the length of the papilla is between 3 to 
9 p, with all Anopheles and most Culex mosquitoes examined having the 
shortest papillae, and Lone ones are found in Toxorhynchites, Aedes 


and some Culex species. 


Sp eae Sire chold sensi. la 

These are the “hair-like sensilla" of Day (1954) and von Gernet 
and Buerger (1966). They also are located on the anterior membranous 
dorsal wall of the cibarium, lateral to the campaniform sensilla (Fig. 
E2n).. 

In Anopheles stephensi and A. merus, only one palr of trichoid 
sensilla are present (Fig. 125). Although Sinton and Covell (1927) did 
not mention in their text, their figures showed that in female Anopheles 
Culiertacies, A. Kochi, A. pulcherrimus, A. stephensi, and A. subpictus, 
the cibaria also have only one pair of trichoid sensilla. It is inter- 
esting to note here that these mosquitoes all belong to the subgenus 
Cellia. Trichoid sensilla are absent in female Malaya (=Harpagomyia) 
genurostris, and only one pair are present in male Anopheles culicifacies 


and Uranotaenia recondita (Barraud and Covell, 1928). 
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In Anopheles earlei, A. albimanus, and the rest of the mosquitoes 
listed in Appendix A where their cibaria were examined using LM, two to four 
trichoid sensilla are found on either side of the dhp. (Figs 126 - 135). 
In some cases, up to five of these can be found on one side (Fig. 127). 
The number of trichoid sensilla is either erie on both sides of 
the dhp., or one side has one more eee than the other side. 
Sean Covell (1928) have also noted this difference, and suggested 
this was an artifact due to the displacement of the dorsal wall during 
dissection, so that one or more papillae may be hidden in a fold at the 
side. But this is not so, as in my study on Aedes aegypti, where I nave 
examined the cibaria of 34 males and 32 females, such a difference is 
quite common, and the mosquitoes show sexual dimorphism in the total 
number of trichoid sensilla (Lee, 1974). Since the number of the speci- 
mens examined for each species in the present study was only two to 
five, it is not known whether ‘such dimorphism exists in these species as 
well. 

The trichoid sensillum is socketed at the base, anda the seta 
gradually tapers to a fine point (Figs. 138, 144, 145). With LM measure- 
ments, the diameter of the socket ranges from 2 - 5 yp, and the seta 
4 - 12 p long, depending on the species. ‘The longest setae are found 
in Anopheles, Toxorhynchites, and some Aedes mosquitoes, with Wyeomyia 
smithii, Psorophora and Culex species having seta only 4- 7p long. 

In the rest of the mosquitoes studied here, the setae are 5.0 - 9.5 p 
long. 

Structurally, these sensilla resemble the trichoid sensilla des- 
cribed by Rice (1973) in the cibarial pump of the blowfly Calliphora 


erythrocephala. He found between 30 - 40 of these sensilla arranged 
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along the lateral sides of the median apodeme on the anterior (dorsal?) 
wall of the cibarium. The socket is 6 p in diameter, and the seta 60 - 
80 p long. He also found that each sensillum is innervated at the base 
by a single dendrite. Rice et al. (1973a) also reported several tri- 
choid sensilla in the cibarium of the tsetse fly. They found each seta is 
innervated at the base by a Single dendrite. These setae are more 


slender than mosquito trichoid sensilla. 


Jee. PIVentCral Papi lla 

These are found on the postero-ventral wall of the cibarium just 
cephalad of the opening of the cibarium into the pharyngeal pump (Fig. 
124). Owen (1963) called them pene ie ehacd conics in his study on the 
females of Aedes dorsalis and Culiseta inornata. Sinton and Covell 
(1927) have noted the presence of these papillae in the female Anopheles _ 
mosquitoes they examined, and they called them ventral papillae. I here 
follow their terminology. Normally, four ventral papillae are found in 
the cibarium (Fig. 124). 

In Anopheles mosquitoes, the ventral papillae are arranged in two 
ways. In A. farauti, A. stephensi and A. merus, the four papillae are 
arranged in a line or in a semicircle (Figs. 4125, 146). .bUie ana. earlei, 
they are arranged in a quadrangle at the middle of the postero-ventral 
surface of the, cibarium, as. in, Culiseta and Culex mosquitoes (see below). 
In female A. farauti, an opening 0.15 p in diameter is found at the tip 
Op the papal laathig. Gla 7) In A. albimanus, ventral papillae are seen 
in some preparations. But as already noted by Sinton and Covell (1927), 
the number of the ventral papillae is difficult to determine because of 


the thick cuticle around them. In most species, the socket diameter is 
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the papil taetorew2eo 1 tot. >, 1 Long, 

It is uncertain if ventral papillae are present in Toxorhynchites 
rutilus, because the thick cuticle at the posterior end of the cibarium 
makes observation difficult. :In male T. brevipalpis, only two ventral 
papillae are visible as one group on one side of the cibarium near the 
base of the lateral flange in any one specimen. In the females, all 
four ventral papillae are easily recognizable. They are arranged in 
groups of two each, each group situated at the base of the lateral Pence, 
as in female T. splendens (Fig. 127). The socket of the ventral papilla 
is about 39iin diameter;pand the paptilae 2-5 - 5.0 p dong. 

Only two ventral papillae are found in Wyeomyia smithii. They are 
located on the nian ine at the posterior edge of the cibarium (Fig. 126). 
The socket is 2.5 p in diameter, and the papillae 4.5 p in length. 

In female Coquillettidia perturbans, the four ventral papillae 
are present as groups of two, and these groups are closely located to 
each other near the posterior end of the cibarium (Fig. 128). The 
socket is about 4 p in diameter, and the papillae 3 p long. 

The ventral papillae in Psorophora species are arranged in two 
widely separated groups of two each Gigtioy. The sockets are ap- 
proximately 2 p in diameter, and the papillae are 2.5 pa long in 
PoOLerox aide 2e— 5 f) Long ein P. ivaripes. 

In Aedes mosquitoes, the four ventral papillae are situated in 
groups of two each, similar to the ventral papillae in C. perturbans 
(Figs. (129, 1317. 148) the socket diametereranges from )3. 0) — 423) 


and the length of the papillae from 2.5 -.5:0 p. In female A. aegypti, 






















as i 
2 ' : P 
stow ,tofauq A ni dggoxe ,piol y YEE 
-pael We 
ne Tre sq Gh ‘+ Peppy ua 
wits ys -_ i = 5 
| ous i Dee wir. 
i 7” rarin © ; niles a AG equre oun one = s 


oe ive ol .nowtseqga bye von ie wnt #96 ee we Be 
-oidevingiveas yiises @ mo. oat f, tiqaq ta av 


. 


, eae 
1 ad 26 besautce Qquory tote sia | : ms cp 
i _— - as 


YT ctl .era) arrobay Ge . 
- ap 
~ 2. allies ot? bee \ x SSOREE 


Lt hiyeol Sts oel t bey tea okt | 7, 
- ; 2 ae 
4 383 Je sab Tobie edd 0 1 


u 


wetemeip aid 
~~ : _ ve 

ries ABE yat ite 
auentenets iS? 


aqueID sends bie awe Bo ‘sweat sheave 
P "| : ~ “YY 


cat adie etd Yo hae uolteseoy ‘ie ‘aot sete ii 


ae ee 
. pre wl ety Bas oa esomnth wk a . ay 





iuosaet ad SeLliqhd ‘teat a” 


i AF _ i 


a (O82 oal4) fens ows Ro ; quote = 36 eqee yisbiv 


fh. pabS-y Cf etn Ghitige ont fia neeath ct ae 7 Ig 
ns 


yy 


2 


asghony...4 ah ene 
——- °  : 







| 1 fedavtle one saliiqag teadiiey Yet aa yee 





a3 fe = 
enetivss5: a 2 aac re | ld vi dei 


a» | 
ial i — ida 


Ml ‘" 
; eo? OY a | hang ’ ie «fl g . 
7 7 





Figs. 148-153. Ventral papillae in the cibarium of female mosquitoes. 


Fig. 148. Aedes aegypti. Note the quadrangular arrangement of the 
papillae. 

Figs. 149 and 150. Higher magnification of the above, showing the 
apical opening of the papillae. 

Fig. 151. Culiseta inornata. Note the absence of cibarial armature. 

Figs. 152 and 153. Higher magnification of the above, showing the 
apical opening of the papillae. Note the papilla in Fig. 153 has a 
bifid tip. 
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the papillae are conical in shape, and each papilla has an opening 
about 0.15 p in diameter at the tip (Figs. 149, 150). 

Ventral papillae were found only in two out of the three male 
Armigeres subalbatus examined. In both cases, only two sockets each 
with a diameter of 3 pp were seen, but I could not find the papillar 
shafts. In the female AG the same species, ventral papillae were 
absent in the six specimens studied. In Armigeres durhami, four ven- 
frat Seite arranged in a quacrangle are located on the mid~ventral 
posterior wall of the cibarium, though in some cases, two papillae on 
one side are very close together (Fig. 132). The sockets average 3 u 
in diameter, and the papillae averages 3.5 p in length. 

In Opifex fuscus, ventral papillae are found only in female mos- 
quitoes. The four papillae are in groups of two, and the sockets are 
3 p in diameter (Fig. 133). The papillae are long and slender, measu- 
ring 10 - 12 p in length, the longest in all the mosquitoes examined in 
this study. 

In Culiseta and Culex, the four ventral papillae are arranged 
either in a line, or in a quadrangle, even in specimens of the same 
species, as in Culiseta inornata and Culex declarator (Figs. 151, 154, 
155). The papillae in Culiseta array ere: slender in shape, and an 
opening approximately 0.2 p in diameter is found at the tip of the 
papilla (Fig. 152). In some specimens, the tip of the papilla is bifid 
(Pig29153).5 The shape*of the papilla in’ Culex mosquitoes 1s conical 
(Pig. 0154, 9155), similar to Aedes aegypti. The socket diameter of the 
ventral papillae in Culiseta is tg aD py ona wie =papallaer se = 6) 
long. In Culex, the socket diameter is 2 - 4 pH, and the papillae are 
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Figs. 154-157. Cibarial armature of female Culex declarator. 

Figs. 154 and 155. Note the difference in the arrangement of the 
ventral papillae in the two specimens. 

Figs. 156 and 157. Higher magnification of Fiq. 155, showing the 
"teeth" at the midline (Fig. 156), and conical projections behind 
the "teeth" (Fia. 157). 

Figs. 158 and 159. Transverse sections of the tarsal hair of female 
Aedes aegypti, showing one type of hair with one lumen, and the other 
type with two lumina. 
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Since the ventral papillae each have an opening at the tip, it is 
possible that these papillae function as thick-walled chemoreceptors. 
In the cibarium of the blowfly Calliphora erythrocephala, Rice (1973) 
found four basiconic sensilla arranged in a straight row on the pos- 
terior wall of the cibarium. He reported a circular opening less than 
0.5 7 in diameter at Phearantre of each peg. But his SEM micrograph 
was too poor to show with any clarity whether there is really only one 
cae at the tip. | 

In the tsetse fly Glossina austeni, Rice et al, (1973b) found 
four basiconic pegs (LC4 receptors) arranged in a quadrangle on the 
dorsal edge of the posterior dorsal wall of the cibarium. They found 
that each sensillum is innervated by one bipolar neurone, with the den- 
drite extending to the tip through the central tube. At the tip of 
the peg, the centre is depressed, and the surrounding wall is castell- 
ated. in the blowfly and the tsetse fly, these basiconic sensilla are 


the only chemoreceptors in the cibariun. 


3.3. Probable Function of the Cibarial Sense Organs 

Using the vital methylene blue staining technique of Burgess and 
Rempel (1966), I found that the cibarial sense organs in female Aedes 
aegypti and female Culiseta inornata are innervated, but it was not 
possible to determine the number of dendrites associated with each sense 
organ. TEM study is needed to determine the exact number of dendrites 
associated with each type of cibarial sense organ. Dendrites from the 
dorsal wall sense organs of the cibarium are connected to a group of 


cells dorsal to the cibarium, as already reported by von Gernet and 
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Buerger (1966). They also noted that these cells are associated with 
fine neurones of labral nerve I, which is connected to the fronto- 

labral nerve, and the latter is joined to the frontal ganglion. Elevator 
muscles of the cibarium are also innervated by labral nerve I (von Gernet 
and Buerger, 1966). The ventral papillae are probably innervated by a 
vie aen of the fronto-labral nerve (von Gernet and Buerger, 1966). 

From the results of the SEM study, I found that the palatal, 
dorsal and ventral papillae resemble thick-walled chemoreceptors, and 
the trichoid and campaniform sensilla resemble mechanoreceptors. The 
probable function of these sense organs is discussed below, based on 
the behavioural observations of earlier workers. The discussion con- 
cerns female mosquitoes only, unless mentioned otherwise. 

Mosquitoes show discontinuous suction when feeding on water and 
sugary solutions, and continuous suction when feeding on blood (MacGregor, 
19307, 2931) Le) Owen (1963) suggested that in sucking blood, the cibarial 
and pharyngeal pumps contract intermittently as the fascicular stylets 
penetrate the bon Once a blood source is reached, contact with blood 
stimulates the cibarial sense organs to assume control of sucking until 
the mosquito is satiated. Schiemenz (1957) deduced a sequence of 
actions of the stylets and the pumps from one observations on feeding 
mosquitoes, in that the dilator muscles of the two pumps contract alter- 
nately. In any event, during feeding, when the liquid food reaches the 
cibarial pump, the palatal papillae may come into contact with the 
food first, thus detecting the nature of the food. Evidence from be- 
havioural studies suggest that mosquito cibarial sense organs are sen- 
sitive to sugar and blood (Day, 1954; Hosoi, 1959; Owen, 1963, 1965) 


and also to unacceptable compounds (Owen, 1963; Salama, 1966). If the 
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food is acceptable, then the discontinuous pumping action of the pumps 
may change into continuous pumping until the mosquito is satiated 
(Owen, 1963). 

If the food is unacceptable, the palatal papillae may also detect 
it as soon as it enters the cibarium. Mosquitoes are known to show 
Sich of rejection to ‘fees deat te compounds by stopping the aspiration 
(Owen, 1963; Salama, 1966). Owen (1963) was able to induce mosquitoes 
a feed on salt solutions, formaldehyde, and 95% ethyl alcohol, by 
stimulating the labella with 1M sucrose solution, and offering the above 
mentioned solutions separately through a capillary tube to the fascicle. 
Although intake ceases as soon as the solution reaches the cibarium, in 
some cases, repeated stimulation of the labella with sucrose will induce 
aspiration again. sone mosquitoes died while drinking the formaldehyde, 
and all were dead within one hour. This is because mosquitoes are un~ 
able to expel any unacceptable compounds present in the labral food 
canal and the cibarium (MacGregor, 1931). Any remnant of fluid along 
the labrum and the suse aatan is always cleared by aspiration (Nuttall 
and Shipley, 1901; MacGregor, 1931). This last aspiration is important, 
especially when the mosquito. is feeding on blood, as it prevents having 
blood coagulating in the food canal. madets and Kusmina (1929) found 
that when blood sucking is interrupted, any fluid left in the labrum is 
diverted to the diverticula (from Christophers, 1960). In the blowfly 
Phormia regina, unacceptable. compounds are normally regurgitated 
(Dethier, 1955). 

The dorsal papillae are structurally very similar to the palatal 
papillae. It is possible these two groups of papillae serve a similar 


function in detecting the nature of food entering the cibarium. However, 
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Day (1954) suggested from his experiments that the dorsal papillae 
detect the particulate nature of the corpuscles in the blood. 

The trichoid sensilla may be flow receptors, registering the 
flow of the food through the cibarium, a function already suggested 
for the ce chew Senet iain theteibarium )fthelttsétse ily Glossina” 
queuene (Rice et al., Tes and the blowfly Calliphora erythrocephala 
(Riceta 973) 

The function of the cibarial campaniform sensilla is uncertain. 
Rice (1973) suggested that the campaniform sensilla in the blowfly 
cibarium are probably capable of detecting the viscosity of the fluid 
in the pump. But in mosquitoes, Hosoi (1954, 1959) found that viscosity 
of the fluid does not affect the feeding behaviour. Viscous fluids only 
protract the haw ation of aspiration. 

ingthetetbaraum of thestsetset fly Glossana®™austeni and” the’ blow-— 
fly Calliphora erythrocephala, Rice (1970) found three multiterminal 
neurones on each side of the anterior wall which function to monitor 
the rate and type of cibarial pumping. Whether such neurones are also 
present in the mosquito cibarium is not known. The campaniform sensilla 
might function to monitor the pumping action of the cibarium. During 
the contraction of the cibarial elevator mit anes! the cap-membrane of 
the campaniform sensilla will probably compress the tubular body above 
Le fee ie a which according to Chapman et al. (1973) is the most 
efficient stimulus for campaniform sensilla. 

Between the oesophagus and the midgut, the mosquito has two small 
dorsal diverticula inserted between the flight muscles, and a large 
ventral diverticulum or crop with a long duct which lies in the abdomen. 


Behavioural studies have shown that blood meals enter the midgut and 
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sugary solutions are dispatched to the ventral diverticulum (Nuttall 
and Shipley, 1903; Wright, 1924; MacGregor and Lee, 1929; Kadletz and 
Kusmina, 1929; MacGregor 1930, 1931; Bishop and Gilchrist, 1946; 
Trembley, 1952;~Day, 1954; Hosoi, ~1954)." “Day (1954) and Hosoi (1954, 
1959) have found independently that when a mixture of sugar and blood 
is given to a mosquito, ee destination of the food is dependent on 

the relative concentration of the components. Thus a mixture with a 
higher concentration of blood will go to the midgut and that with a 
higher concentration of sugar will go to the ventral diverticulum. A 
mixture containing an equal proportion of the two will go partly to 
midgut and partly to the an eae diverticulum. Day (1954) suggested 
that the "pit organs" (campaniform sensilla?) in the cibarium may detect 
sugars, causing on ehoed 1a 6h of the sphincters of the ventral diverti- 
culum, and the papillar sense organs (palatal papillae) detect the 
blood, causing the relaxation of the cardiac sphincter. Simultaneous 
stimulation of both groups of sense organs may result in relaxation of 
both series of sphincters. It is known that campaniform sensilla are 
mechanoreceptors (Pringle, 1938; Thurm, 1964; Chapman et ale; eo 7S)", 
and these obviously will not detect sugars. It is possible this mecha- 
nism is monitored through the ventral pana ben which are located near 
the junction between the cibarial and pharyngeal pumps. As soon as the 
food reaches the ventral papillae, the sphincter muscles of the crop or 
the midgut may relax depending on the nature of tne food; blood: enters 
the midgut, and sugary solutions go to the ventral diverticulum. Unac- 
ceptable compounds probably go to the diverticula, as do some poisonous 


fluids (MacGregor, 1930). 
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It appears the labellar hairs also play a role in the switching 
mechanism, as Hosoi (1959) reported in Culex pipiens pallens, that when 
a strong sugar stimulus is applied to the labella, sugar-free blood 
presented to the unsheathed fascicle passes not to the midgut, but to 
the ventral diverticulum. 


That the ventral papillae might be involved in the switching 


mechanism of the food can probably be verified by studying the desti 
nation of the food in those mosquitoes where the ventral papillae are 
absent, (male Opifex fuscus, female Armigeres subablatus, and probably 
both sexes of Toxorhynchites rutilus). Of the species listed above, 
only Armigeres subalbatus is known to feed on blood, but nonblood- 
feeders might be induced to feed on blood as male mosquitoes have been 
induced to feed on blood in the laboratory (MacGregor, 1931; Russell, 
LO3Sis Day, 1954; Salama, 1966; Jones and Pilitt, 1973). Russell (1931) 
found in Culex quinquefasciatus, Aedes aegypti and Anopheles ludlowae 
and Day (1954) in Aedes aegypti that when male mosquitoes were induced 
to feed on blood, the blood went to the midgut. In most species, as 
the males have the same type of sense organs as the females, the func- 
tion of these sense organs are probably similar in both sexes. 

aint a switching mechanism in feeding behaviour occurs in other 
members of the Diptera also, and Megahed (1958) has extensively reviewed 
the studies regarding the einer on of food in Diptera. In female 
Culicoides nubeculosus, Megahed (1958) found that blood always goes to 
the midgut. The oesophageal diverticulum serves as reservoir for water 
and sugar, but not for blood. In wild caught hematophagous females of 
the tabanid Chrysops pipet Lall (1970) found glucose and fructose 


in the diverticulum (crop). Wiesmann (1964) found that in Musca species 
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deprived of their labial chemoreceptors, the switching mechanism was still 


operative, where water and dilute solutions were sent to the midgut, 


and sugar and milk solutions went to the crop (cited from Rice, 1973). 


3.4. Cibarial Armature 
3.4.1. Structure and Taxonomic Implication 

These are specialized structures present on the postero-ventral 
wall of the cibarium of the female Culex and some Anopheles mosquitoes 
(Figs. 125, 135), but are absent in the males of these genera, as 
already noted by Sinton and Covell (1927) and Michener (1944). In 
Ancpheles, cibarial armature is found in the females of all species I 
studied except in A. earlei, which belongs to the subgenus Anopheles. 
As cbserved by Sinton and Covell (1927), members of the subgenera 
Anopheles and Bironella do neceposseue any cibarial armature. 

The structure of the cibarial armature is quite elaborate, and 
differs from species to species. In A. stephensi, the cibarial arma- 
ture consists of about 23 alternating long spines and short pegs 
erg .ea25)4¥ Way Larauti, the! cibarial armature is made up of six 
scale-like "teeth", with longitudinal striations that end in slender 
projections (Fig. 146).° The base of each scale-like "tooth" is 
flanked on each side by two short cuticular projections (Fig. 146). 
These "teeth" are quite similar to the spines reported by Dapples and 
Lea (1974) in the ampulla of the hindgut of A. aegypti. 

In female Wyeomyia smithii, and in both sexes of Opifex fuscus, 
horizontal rows of cuticular projections are found posterior to the 


posterior hard palate just anterior to the ventral papillae (Figs. 126, 
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13 iereButy these arel not homologous to the cibarial armature found in 
Anopheles mosquitoes. In Figure 5 of Dapples and Lea (1974), the pos- 
terior dorsal hard palate in the cibarium of A. aegypti is seen covered 
with fine, posteriorly directed spines, very Similar to the ania of 
Wessmithiirand O% fuscus. They suggested that these spines probably 
act as a barrier peutenhecne cibarial and pharyngeal pumps. 

The number of "teeth" in the cibarial armature varies from species 
to species. In Culex declarator, the cibarial armature consists of 
22 - 23 spatulate "teeth" (Figs. 154 - 157). The median "teeth" in 
those specimens where the ventral papillae are arranged in a quadrangle 
are different from those where the ventral papillae are arranged ina 
semi-circle (Figs. 154 - 156). ‘Two rows of conical cuticular projections 
are found posterior to Ene? spatutedrer teeth "= X{rig.” 157). 

Sinton and Covell (1927) have examined the cibaria of 52 species 
of anopheline mosquitoes, and suggested the use of cibarial armature 
structure to differentiate species of anopheline mosquitoes. Barraud 
and Covell (1928) bas pointed out the taxonomic importance of the 
Cibarial armature in Anopheles and Culex mosquitoes. In these two 
genera, they noted that although similar cibarial armature may be found 
in two species, some species that were Gee to be closely related 
differ strikingly in the structure of the armature. 

Edwards (1941) figured the cibarial armature of five subgenera of 
Culex mosquitoes found in the Ethiopian Region, but did not use the 
armature as a diagnostic characteristic to separate the species. 

Chwatt (1945) could find no difference between the cibarial arma- 


ture of Anopheles gambiae and A. gambiae var. melas. The two subspecies 
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are normally differentiated by their breeding habits and the structure 
of the eggs. 

Michener (1944) provided a key to separate some species of Culex 
found in the southeastern United States into groups, on the basis of 
female cibarial armatures. He noted that such a system can be used 
to ea eeaie members of ie Culex (Melanoconion) complex. Females of 
the Melanoconion complex were generally considered inseparable (Knight 
and Haeger, 1971). Identification is based mainly on male genitalia, 

My preliminary study on four species of Culex mosquitoes belonging to 
this complex showed that the number of ee "teeth" in the cibarial 
armature can be very useful in separating closely related species. For 
imstance, Culex ocossa and |G. panocossa jare, so similar, that ,.for years 
they were classified as one species, C. aikenii. It was only recently 
that Belkin (1970) separated them into two distinct species. The number 
of cibarial “teeth" is clearly quite different in these two species, in 
that Gy-0cossashasss) =<32,7 and Cs» panocossa has 124, 25. "teeth". The 
other two species see here were Carceraticusi, whach has) ij — 8 p,eand 
Ge peccator,,witich -has 139, + (44 -cibanial, (teeth? 

Knight and Haeger (1971) suggested the use of the shape and colour 
of mesepimeron and mesepisternum, and also athe type and arrangement of 
the scales on the thorax as diagnostic characteristics for females of 
the Melanoconion complex. As the scales are easily lost in light trap 
materials, the usefulness of. the cibarial armature in separating species 


of such complexes should be investigated more thoroughly. 
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3.4.2. Function of the Cibarial Armature 

Annett et al. (1901) suggested that the cibarial armature may 
assist in the valvular action of the cibarial pump, but they also 
pointed out that the armature may have a sensory function (cited from 
Sinton and Covell, 1927).. However, the "teeth" in the cibarial 
armature do not resemble ae sensory structure, and it is unlikely 
that they are sensory in function. 

Patton and Evans (1929) noted that the armature, together with 
the membranous area at the junction between the cibarium. and the a aeectel 
geal pump, may form a valve which they called the "pharyngeal valve”. 
The cibario-pharyngeal valve is elevated by a pair of valvular muscles 
from the frons (Thompson, 1905). But since the majority of mosquitoes 
are without the sipeeial armature and they do not show any significant 
difference in their feeding behaviour from those with the armature, the 
valvular function of the armature is not plausible and the function of 
the cibarial armature still awaits further investigation. 

Recently, Bryan et al. (1974) reported that the cibarial armature 
in mosquitoes damages the microfilariae of Brugia pahangi, causing loss 
of mobility and cuticular abrasions to the parasites as they found the 
proportion of damaged, non-motile icra Terie was higher in Anopheles 
species than in Aedes mosquitoes (cibarial armature being absent in 


Aedes species). 
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4. Tarsal Hairs 

A preliminary study of the tarsal hairs in female Aedes aegypti 
showed that two types of hair are present: one with a single lumen, 
and the other with a double lumina (Figs. 158 and 159), similar to the 
aboral labellar hairs. Slifer (1961) using crystal violet staining 
has described the distribution of tarsal hairs with stainable tips in 
both sexes of A. aegypti. She suggested that hairs with stainable tip 
are gustatory receptors. Owen (1963) reported in female Culiseta 
inornata that the tarsal chemosensory hairs are double-chambered. 
Behavioural studies have suggested that mosquito tarsal hairs are sen- 
sitive to water and sugar solutions (Frings and Hamrum, 1950;" Feir et 
ale; 1901; Owen, 1963, 1967, 1971), and are important in selecting 
oviposition sites Gane To5a) = Since the tarsal hairs are the first 
sense organs to come into contact with the host skin after the mosquito 
has landed, these double-chambered hairs might play an important role 


in the discrimination of the host. 






















‘oor 


> 
iste eater winuod at exon teaond ost 
mom! oLwite « ithe ono rsaéqaeG ont SMM 
ed oF woilmiec vice bas Bef .2pkd) noch ede 
patnteta Yoleiv feteyae poken bee) soba) ‘exter anbtedee . 
nt agiy sidantase Mtw evhad Joes Qo “read nid sdaas ontd beddxseab ead 
gtd ofrisniade dviw asied Jang baraoppue stt2’ J2ageee Ade wena sto 
sioakly) obetied wt hetrayor (801) nowy ' -éxeinqeaen Yaseen 8 
hersdneio-siudveb se wie yeoeneeomsits dugg tty snd zee a 
“Nee site atied [enact odiupaom Jes aoe vid setbude faxnolvadiee _ 
Jo abet 1oees fire Bas cen whith ‘sone Bem aesev od sviske 
piiiveloe kt ‘inessogat se. bRe CANES «aRs iaet- fee Bel quake 
tesld odd sus exted [oevet off opnt? , 6DBRE yect Lew) neste noisiaogtvo. 
odiupeaat aly 19tis wide dead ead sil tontnen” asut eco opienepis eaten <a _ % 


7 
a : 
nee . 


mt tay saa ae x! 





eles tnkiraginmt ni yolg Jiipim eed bateciinsiie-wbdinilé meatal ‘<babeit ert” 
: | Dew 
aor a Jo noiganiatxoedh amb  - 


‘ 
eu i wr} i + ry 7 


teil iene 7 


IV. GENERAL DISCUSSION AND CONCLUSIONS 


From behavioural studies, mosquitoes are known to be attracted 
by host odors, CO,, warmth, humidity, and optical stimuli. BORD 
(1971) has extensively reviewed the blood-sucking behaviour of mosqui- 
toes and other terrestrial arthropods. In nature, mosquitces AN 
feed on plant nectar, and such feeding affects the ite and dis- 
persal potential of mosquitoes (van Handel, 1972). In the following 
discussion, the probable haan of events regarding the feeding behaviour 
of mosquitoes after landing on a host is suggested based on the results 
from this study and the reports of other workers. 

Mosquitoes often walk around soon after landing on a suitable 
host and probably detect the acceptability of the host using the chemo- 
receptors located on the tarsi of the pro- and mesothoracic legs. 

Tare \.of-.the metathoracic legs may not be important in host discrimi- 
nation, as the hind legs are often raised off the substrate when the 
mosquito is walking around. Behavioural studies have suggested that 
mosquito tarsal hairs are sensitive to sugar, salt and water (Frings 
and Hamrum, 1950; Owen and Larsen, 1963; Owen, 1971). Frings and 
Hamrum (1950) found in Aedes aegypti that stimulation of the tarsal 
hairs with NH, Cl only made them restless, but the mosquito did not 

look for a more suitable substrate. Jones and Pilitt (1973) found that 
when all the tarsi of female A. aegypti were removed, the mosquitces 


were still able to pierce the skin and take a blood meal rapidly, indi- 


cating that the tarsi are not essential in providing the force for 
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piercing. The number of dendrites associated with the tarsal hairs 
remains to be studied. 

Probing of the substrate using the two labellar lobes follows 
shortly after landing. The long labellar hairs probably monitor the 
positioning of the labellar lobes, with the medium-sized hairs near 
the labellar tip and the apical hairs detecting the suitability of the 
host. The medium-sized hairs posterior to the tip of the lobes pro- 
aie detect the odour(s) from the host. 

When feeding on plant nectar, the presence of sugars may be 
detected by the labellar chemosensory hairs, so that the two lobes then 
spread apart, thus bringing the labral food canal opening to the solu- 
tion. The chordotonal organs in the labellar lobes may monitor the 
spreading and closing together of the lobes. The spreading of the 
labellasalse brings ithe ligula anto contact with inectar, and this con- 
tact causes the ligula to increase in size., The function of this 
swelling of the ligula may be two fold. One is to spread the 
solution over the Pe ailleye surface, thus bringing the solution into 
contact with the oral papillae, thereby mediating the sucking of the 
solution, as suggested by Larsen and Owen (1971). The other is pro- 
bablyato hold sthe slabral. tup .in place, and serve as a mechanical sup- 
port, since the tip of the fascicle is situated in the dorsal groove 
of the ligula. During nectar feeding, the mosquito shows disconti- 
nuous suction (MacGregor, 1930, 1931). The food passing over the 
labral campaniform sensilla may affect the pumping action of both 
cibarial and pharyngeal pumps. The above description applies to both 


sexes of mosquitoes. 
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When feeding on blood, secretion present on the host skin, and 
also host odour probably stimulate the labellar chemosensory hairs. 
Now the labellar lobes do not spread apart, but are held tightly to- 
gether. The penetration of the fascicle into the host tissue is aided 
by the alternating cutting action of the laciniae (Robninson, 1939). 
The ee iny faa siekels fopeuy cover the opening of the labrum 
during penetration, to prevent the tissue from entering the food canal. 
Similarly, interdigitating finger-like projections at the Lp eods ae 
hypopharynx may prevent possible blockage of the apical salivary eve 
opening by the tissue. 

Ducingetie inv tlaL insertion, the substance blocking the 
opening of the labral sense organs may get rubbed off by friction with 
the tissue, thus ences the receptor sites. 

The fascicle is very flexible in the host tissue, as it often 
bends dorsally at almost a right angle to the plane of insertion after 
entering the skin, and the tip of the fascicle is capable of bending 
in different anes (Gordon and Lumsden, 1939; Griffiths and 
Gordon, 1952). Muscles controlling the two walls of the labrum are 
responsible for the dorsal and ventral flexion of the fascicle, and 
the differential actions of the laciniae bee responsible for lateral 
flexion (Waldbauer, 1962). The apical and subapical sensilla probably 
ene the presence of blood (Salama, 1966; Lee, 1974) and the stimu- 
lating factor in the blood is probably the adenine nucleotides (Hosoi, 
1959) Galun’ et a1e5°1963;?Galun ‘and Rice, 1971). Owen and Reinholz 
(1968) found in Culiseta inornata that water isatiated mosquitoes re- 


fused 5-adenylic acid, ADP and ATP in Tris Buffer, whereas thirsty 
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mosquitoes imbibed these solutions. They therefore suggested that 
the acceptance of nucleotides was mediated by the water receptor. 

As soon as a blood source is detected, the retractor muscles 
of the mandibles contract, exposing the opening of the food canal. 
Entry of food into the labral food canal may be detected by the labral 
campaniform sensilla, which may influence the action of the cibarial 
and pharyngeal pumps. 

The mosquito may feed by inserting the fascicle into a papi ary 
(capillary feeding), or feed from the hemorrhage in the tissue caused 
by the puncture (pool feeding), with the average time for capillary 
feeding 3 minutes and 10 minutes for pool feeding (Gordon and Lumsden, 
1939; Griffiths and Gordon, 1952). Capillary feeding is more frequent 
than pool feeding (O'Rourke, 1956). Saliva is injected at different 
stages of penetration as tiny "puffs" (Gordon and Lumsden, 1939), and 
such injection probably continues even after a blood supply is tapped 
(GeureithssendsGordon,;, 1952). 

Palatal and Siw papillae probably monitor the chemical nature 
of the food. Indeed mosquitoes stop aspiration as soon as unacceptable 
compounds enter the cibarium (Owen, 1963; Salama, 1966). If the food 
is blood, then the discontinuous suction is changed into continuous 
suction until the mosquito is satiated (Owen, 1963). The trichoid 
sensilla probably register the flow of the food into the pump and the 
cibarial campaniform sensilla may monitor the pumping action of the 
cibarium. The ventral papillae probably detect the type of food thus 
providing the information for the initiation of the switching mechanism: 


sugar solutions enter the ventral diverticulum and blood goes to the 
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midgut. The two small dorsal diverticula probably function as air- 
separators, trapping air that comes in with the food (MacGregor, 1930; 
Day, 1954). Sugar solution stored in the ventral diverticulum is 
gradually passed to the midgut for absorption (MacGregor, 1921) s 
Gooding (1972) nas briefly reviewed the significance of storing sugar 
soso in the cheryl Day (1954) suggested that as a blood 
meal is required by a majority of female mosquitoes to mature their 
eggs, the ability to take a blood meal in spite of a recent nectar 
meal is of survival value. Another theory is that sugar solution in 
the diverticulum serves as a supply of water. 

Termination of feeding is initiated by the intersegmental 
abdominal stretch receptors (Gwardz, 1969). Withdrawal of the fascicle 
from the host amie Ae aided by the laciniae, and Robinson (1939) 
and Jones and Pilitt (1973) have given detailed descriptions of this. 
In W. Horstall's f£iim on female Aedes aegypti feeding on frog foot-web, 
injection of saliva is seen also during the withdrawal of the fascicle. 
The labellar lobes apse: help the fascicle to return into the labial 
gutter after withdrawal (Robinson, 1939). 

The present study includes only some of the sense organs that are 
involved in the feeding behaviour of the mosquitoes and electrophysio- 
logical studies are needed to gain a better understanding of the func- 
tion of these sense organs. 

It is a well known fact that some people are not attractive to 
mosquitoes. Skinner et al. (1965) have reported the repellency of skin- 
surface lipids obtained from the foreheads or arms of humans to female 


Aedes aegypti, but the repellent still remains to be identified. But 
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as already suggested by Dethier (1973) for lepidopterous larvae, inges- 
tion depends not on the presence or absence of a single stimulant or 
deterrent, but on the total impression derived from an integrated res- 
ponse to multiple components. A detailed knowledge of the recoeLors 
involved in the feeding behaviour of mosquitoes is necessary for a 
systematic approach to the development of effective repellents against 


these insects. 


‘0! 
oul lioattied aimrronigob tenes he vever. 


‘ 











i peelomise atyate 6 to betas +o 
-ens badiireedad hi mo Bioyeb Aedaaaliagll testes ont 
prcdgines eid Yo wpbetioel helhsewb 4 Usganaaney 

a so4 yisecooan di cpodlupaus To awolvndsd wotboah’ il 
Joningr edi Th ots eviisetiea Teo Sramage Lovely wits 09 osc sala 1a 
Nagel weet 


: Dh e 7 ~ * mn 7 a 
HI Bal eS : 
: 


at 





V. REFERENCES 


Adame, J. h., Sey Eawholbert. and A. J. Forgash. 1965. Electron micro= 
scopy of the coritact chemoreceptors of the Stable fly, 
Stomoxys calcitrans (Diptera: Muscidae). Ann.ent.Soc.Am. 


SO JOO jee 








Annett, H. E., J. E. Dutton and J. H. Elliott. 1901. Report of the 
malaria expedition to Nigeria. The anatomy of the mouth parts 
of the female Anopheles costalis. Mem. Liverpool School 
EOD Me Che rae james oe = 








Barr, A. R. 1964. Notes on the colonization and biology of Armigeres 
subalbatus (Diptera, Culicidae). Ann. trop. Med. & Parasit. 
Be 2s eb Vso 


Beceaicpae onleaand. Gr acove li glO23. ihe morphology sor fthe buccal. 
cavity in anopheline and culicine mosquitoes. Indian J. Med. 
Reese to Oy te O50 ee 

Belkin, J. Ne gelO701. Culex (Melanoconton) aikenii (A. & R., 1906) a 








Bellamy, F. W. isis Ultrastructure of the Labial palp and its asso- 
ciated sensilla of the prairie grain wireworm Ctenicera 
destructor (Brown) (Elateridae: Coleoptera). Ph.D. thesis. 
University of Regina, Saskatchewan, Canada. 





Bishop, A. and, 8. M. Gilchrist. 1946.. Experiments upon the feeding 
of Aedes aegypti through animal membranes with a view to 
applying this method to the chemotherapy of malaria. 
Parasitology 37: 85-100. 


Bryat, J. Wilandimyycoluizzijs L97s BCytegéenstic chservatiowsion 
Anopheles farauti Laveran, BULL. Wlasyalth Orgs eto: 266-267. 


Bryan J. H., P. Oothman, B. J. Andrews and P. B. McGreevy. 1974. 
Effects of pharyngeal armature of mosquitoes on microfilariae 
of Brugia pahangi. Transt?R.SocitropsMedtHyg. 68(1):, 14. 


Burgess, L. and J. G. Remple. 1966. The stomodaeal nervous system, 
the neurosecretory system, and the gland complex in Aedes 
aegypti. (L.) (Diptera: Chlaieidae)veican .veZoels. 44¢)77 31-7655 





107 









; J : : i a | _ 
a : .° r - 4 
. . a Jorn 

















= 

a ¥ i P A : é 
; i i x 

; : ,) Sshee , >= Tae 

¥ yi oes bg eel wy SATE jo ee TH at ee te: or’ wet ae 
: < ae ty 

- & ; ae 

2°% ee ty) 0 het aerial yi 


ive 


a 

a = 9 LP ae es 

Le =) ™ « i} g 

. : : peo uan at Ae ¥ ee 7 ; 

ony tet ; a —S woe ty Rae 
= . 


~oysim poudedla leaner “,aeap oie WA ins treated a a 
vit eldata ah & ha each Fan AD sf3 Yo 


ADOT .Jhe,. 0A  (oshtoeN «sce Meuse.” 


+. 





















weer 


j . ‘ ‘< teat * - 
afi Yo thoget «.L00k «61S 6B ot bis eens did "8 < ql it Tenn 
eityeg gue ody, Yo yecsias af? nigegse go , = slbeqke akin she 


(epile? Inagrevid ae: .ehiedabs salginient, pinme? orf? to : 
= ea-0t :ttie) ae qoer A 0 
uatepinnA to yeoloud firs. aol send ished omy no easoV -bOOL ft A sxe, 


: eesh! é ow won . 00K “(Bab IB! 08 sired). setieae 
a age it oes 


isvoud -s13 30. ° (ye co Saari a Galt tis gen .Liaved “2 bong tt ..& nica 
_» peti «b aeebhy | .eae ivplem’ s nietios pre Seen ne ye ivap = _ 
areweny gog ee gett ee ree |, GOATS 21 pee . 


> . . 


sg (BOPL ,.# 2 .A) Linsils Uiptnosengisg® ai) \ dae POF2h. se ” Bae a 








“EL. WERT pebenbiisn’ ‘phe opel x % re a SaQeIe 43 = 
Od-£2 =(S)£ weIielewon .deye spe «he . - 


to3hé ef Das "4Geg radees yao YO sxwioiktenn3t0 O08 | Of a4 sila. | 
0 ieee miowsiw alte sisted off Fo titi ande “Peano 


akeods 0.08 -(exsdgogion .ypbseedals) {rqeorail) hee) aeoy 
a (ghee, onvaroustise oipanl te gaia ; ; 7 on 
7 - —- 


pnipass alt eoqgu evnomiseqed , aoe! Jderne 1 | See ae ae 
od waty oe: Hw eanetenhm (aminn ryasey Sota mi 
‘ [Aivetea to yosre Gaels att ae bodtan 


OTB Te qyelateatare 





4 8 « 
se 


fat aa poe sige sates vasa at ein ns 
NOG-OOS <b pro dvb Ru. Toe: mene AUR 


ei: 4 Oa 


si rsh eel we =, 


beep AP Pa ye aera > 


poe hee 





108 


Carpenter, S. J. and W. J. LaCasse. 1955. Mosquitoes of North 
America (north of Mexico). University of California Press. 
vi fF 300 PD. 


Chaika, Go. Yu, ang Yu. A. Bilizaroy, 197.. Electron microscopic 
investigation of the labellar trichoid sensilla of mosquito 
Aedes aegypti L. Contribution to the lst All-Union Symposium 
on insect chemoreception, Vilnius, September 8th-10th, 1971. 
pp. 67-73. (In Russian). 


Chapman, K. M., R. B. Duckrow, and D. T. Moran, 1973. Form and role of 
deformation in excitation of an insect mechanoreceptor. 
Nature 244: 453-454. 


Cheong, W. H. and A. H. B. Omar. 1967. Armigeres Gurhami, a useful 
laboratory vector of Brugia pahangi. Med.J.Malaya 21(4): 
BSve 


Christophers, S. R. 1960. Aedes aegypti (L.). The yellow fever mosquito: 
its life history, bionomics and structure. Cambridge University 
Press, London. xii + 739 pp, 


Chwatt, L. J. 1945. The morphology of the pharyngeal armature in 
Anopheles gambiae and Anopheles gambiae var. melas from southern 
India. Ann.trop.Med.,Parasit,, .39:124<128. 


Clements, A. N. 1963. The physiology of mosquitoes. Pergamon Press, 
Londotr.—— 12 + 6393 pp.: 


Corbet, P.”S. “1967. Facultative autogeny in Arctic mosquitoes. Nature 
215: 662-663. 


Craig, D. A. 1974. The iabrum and cephalic fans of larval Simuliidae 
(Dipteras, Nematocera)., Can.j.200L. .522, 133-159. 


Dao Van Ty.. 1945.. Sur la biologie d'Armigeres obturbans. (Walker)... 
Bull.Soc.Path.exot., 38: .304. (Cited from Baar, 1964). 


Dapples, C. C. and A. O. Lea. 1974. Inner surface morphology of the 
alimentary canal in Aedes aegypti (L.) (Diptera: Culcidae). 
Int.J.Insect Morphol. & Embryol. 3(3/4): 433-442. 


Davies, L. 1974. Evolution of larval head-fans in Simuliidae (Diptera) 
as inferred from the structure and biology of Crozetia croze- 
tensis (Womersley) compared with other genera. Zool.J.Lin.Soc. 
Sor ee-2249 


Davis, D. E. 1944. A comparison of mosquitoes captured with an avian 
bait at different vegetational levels. Rev.Ent., Rio de Janeiro, 
15: 209-215. 





















deen.to escdiapanm JaNE 
esexs cirrictils) io cakanoriee . x8 
+9 One £4] 


srqosepsaim.nomoett =. I0@k: ween A vt bas” et 
aghupeom to aliianes Sicdolad wiledel edt Ip 
egtaoqay® ooint-ifA tal od? of noddodieeae> of 


«AUOL , a l~-ise i alae ~euralsy . nee 
- (rete oh) pons 


30 eter Bb meok .£TeL! vneoom .t 0 Bee jones 6e Oe eo al 
-sogqeosrenstosm teens 16 to aozdsaices al netjaenotsh .” 
220-228 200 | 





y ee. | 


iinet 5 imatub oseeeinns TEM othe AE OA Bee oe <paped> 
yrogesodat 


7th) Es BYbI RA Ls bet fuente oe to Taso tee a a: ay ‘ 


te , ' 
ve a - 


\otisenam save? vektey od? .(.3) Ztiime mptigh O8RK | ok “2 erase 
yJiaréyind epbiwdie) .sxygortde Bee vyuteonord .ysoteind elit asl - 
iq CEN + ike MSSNOS - baerd — ) ree - 


at sredeme Lnopayeedg sat fe Leaiprasapiod ar ao «ta taal 
nrIstjyoOe MILI Shick .76V asifaay cal a aaa Jaan 
. Ede asisce »tioue 


\aeo29 newerias -cooerapeat To yeooloseyily ett | caer aa einem td 

; ciel cee + xt : at 7 
esuJoK -esetiypeom 273s7A at yrepecte seh teainoet Veer .2 4 nee a 
| aie a sess = 


onbiflomi® Levxef to 2ne3 nitpiiens bins mrsdat sete vorer ant +2 ,plexD 
~@2f-£Ei5 =S2 sSs08 tne) - (szesechemnl 7 


{iGpialt) snedsutdo excapioee'® gigosohd et ime ie ee woh 
(haes apes Petey ee rae i ceeendeead 


a WTS co £ 
ed a= 


to yootorniqnd: metus tenei- ber iad 20 A ies: Po i s ee 


nYaabjoluc sepatges) {.:1) eg es Se isams vrstoomi is. 


oSPe <6E3 - 2 (ONEIE 
amples i ae 


J 
oe ee ee 








109 


Davis, E. E. and C. S. Rebert, 1972. Elements oteoliactoryareceptor 
coding in the yellow fever mosquito. JIebcon,Enty, 653 
1058-1061. 


Davis, E..E. and P.’G..Sokolove. 1975. Temperature responses of 
antennal receptors of the mosquito, Aedes aegypti. J.Comp. 
Physi olen9628i228>236. 


Day,oM. F., 1954¢.-The mechanism: of food distribution to midgut or 
diverticulasan: thet mosquito. WAUst«edebiol .Sciahe7:15157524. 


Daykin, P. W., F. 8. Kellogg, and-k. H- Wright, 1965. Host-finding 
and repulsion of Aedes aegypti. Can.Ent. 993 BSSs2o3s 


Dethier, V. G. 1955. The physiology and histology of the contact 
chemoreceptors of the blowfly. Quart.Rev.Biol. 30: 348-371. 


Dethier, V. G. 1972. Sensitivity of the contact chemoreceptors of 
the blowfly to vapors. Proc.Nat.Acad.Sci. USA 69: 2189-2192. 


Dethier, V. G. 1973. Electrophysiological studies of gustation in 
Lepidopterous larvae. II. Taste spectra in relation to 
food-plant discrimination. gJ.Comp.Physiol. 82:103-134. 


Dethier, V. G. and M. L. Wolbarsht. 1956. The electron microscopy of 
chemosensory hairs. Experientia 12: poe 396 


Dethier, V. G. D. R. Evans and M. V. Rhoades. 1956. Some factors con- 
trolling the ingestion of carbohydrates by the blowfly. 
Birolssull. Wil: 204-222. 


Dethier, V. G. and F. E. Evans. 1965. Taste papillae of the blowfly. 
dt. iets Comp. Physiol. 65: 93-100. 


Devine, T. L., C. E. Venard and W. C. Myser. 1965. Measurement of 
salivation by Aedes aegypti (L.) feeding on a living host. 
Jeinsect Physiol. 11: 34/7-353. 


Downes, J. A..1958. Feeding habits of biting flies and their saigniéi- 
cance in classification. A.Rev.Ent. 3: 249-266. 


Edman, J. De 1974. Host-feeding patterns of Florida mosquitoes IV. 
Deinocerites. J.Med.Ent. 11: 105-107. 


Edwards, F. W. 1941. Mosquitoes of the Ethiopian Region IIIf. 
Culicine adults and pupae. British Museum (Natural History), 
London, 499 pp. 


Feir, D., J. I. Lengy and W. B. Owen. 1961. Contact chemoreception in 
the mosquito Culiseta inornata (Williston): Sensitivity of 
the tarsi and labella to sucrose and glucose. J.Insect Physiol. 
6: 15-20. 



























9, 
‘ ¥ 0 
ian? OAS Oh 


20. wee cage ot: sirdacequal! .6V@ie 
net .iquees: aaigk wohtapline ait 


“oO .4pkie oF nebtudlatelh boot 3o aula eit 
PSG-22e 7G fat iared. tb. geen aaa tt eta ait & 


briilw??-tsen 2304 apie Wo Bing (ppollien ¥ Mo “a aoa 
SAS@PER, ce -toSae hgypee = = lessees 


Ipgtne: oft 2o yrelasedd ‘ban ypodebeyes oie eee 2 ¥ out - 
TERE -:05- Felt. van, Jab — ad wh 3 sod 





q0 203 sin iati Santas ohhe- i o ortukedenss « Vek. es .V onan : 
SOIg-09 fc sOA ASU .t0@.Bant.da.a0745 Nee os ak ag ead Jhon ac 
7: re Tis 7 ‘= : * i 
Ni nofardevy Io eelOpse Les rep esd geese Jeten” O..V ,xeldjed _ 
o7 ADL as; r2 mf Pee in). sro eta] «id Snvsel avo2esqobigqed 
sbtirt0L 88 Lote ,.qmaeivl ae ae Site ig-beek) P a 


lo. yseoists noxiodls aif .wel detecnieehighl el 4 be “ 7 : 
"s: cs gRECSEe del ei iret a. orf vies ; 


,* -- 
“Mm. .etoroe? seme «= AR. Veeder’ Vv Ae Dns eae & G2 av: site 
> uf Siwotd, ot vo lengiabyeicetees: Jo (MISS Bard oid pak tlons 
: boone t £03 — fold ea 
. * a ! [ ual 
“YW Tri Sj} .-29 BAATIGSY QUALT ..; sed ay" a 24 thx 0 v .tobdjea 
OUL-£@ 120 .tebeedy eo, for |. we 
ares : : 7 _ 


in. Shute 66fARL .oeyM. oO OW bem Beanev io a “aa ry .enived 4 


$@60 poiivii cio paited? t.2) <a ty Beted ‘et nrg abt a : 
| are 11 -teaeas gooakt & i: a 


a « = ae os oan 


Ti weie “Liars: bus. ook vate > astaert ieee AGL A 
2. +) OMAR RSH oh ‘ae Piettgsrgrt re 


ay Hoos tepesa shire. te 
<SOhraee: 1 





her i 
J 


oe | o-. 
“> > 
a a 


110 


Frings, H. and c. L. Hamrum, 1950. The contact chemoreceptors of 
adult yellow fever mosquitoes, Aedes aegypti. J.N.Y.Ent. 
SOG. 263 7133-142. 


Froelich, D. E. 1971. Sense organs of the mosquito Culex pipiens 
fatigans (Wiedemann). M.Sc. thesis, University of Alberta, 
Edmonton, Alberta, Canada. 


Galun, R., Y. Avi-Dor and M. Bar Zeev. 1963. Feeding response in 
Aedes aegypti: Stimulation by adenosine triphosphate. 
Science 142: 1674-1675. 


Galun, R. and M. H. Rice. 1971. Role of platelets in haematophagy. 
Natures 23o en EL Oan ik 


Gillies, M.T. and T. J. Wilkes. 1969. A comparison of the range of 
attraction of animal baits and of carbon dioxide for some 
West African mosquitoes. Bull.Ent.Res. 59:441-456. 


Gillett, J. D. 1971. Mosquitoes. The World Naturalist. Weidenfeld 
and Nicolson, London. 274 pp. 


Gooding, R. H. 1972. Digestive process of haematophagous insects I. 
A literature review. Quaest.ent. 8: 5-60. 


Gordon, R. M. and W. H. R. Lumsden. 1939. A study cf the behaviour 
of the mouth-parts of mosquitoes when taking up biood from 
living tissue; together with some observations cn the inges- 
tion of microfilariae. Ann.trop.Med.Parasit. 33: 259-278. 


Grabowski, .C.1.-T. and.Va G..Dethier. 1954.a.The structurelofi the tarsal 
chemoreceptors of the blowfly, Phormia regina Meigen. 
J.Morph.., 94¢ .1-19. 


Gray, E. Ga 11960. Theil fine jstructure. of thesinsect arj (Phil Trans. 
ReceLOnG.oereb a) 2tstuelo- 94. 


Griffiths, R. B. and R. M. Gordon, 1952. -An apparatus which enables 
the process of feeding by mosquitoes to be observed in the 
tissue of a live rodent; together with an account of the 
ejection of saliva and its significance in malaria. Ann. 
trop.Med.Parasit. 46: 311-319. 


Gwardz, R. W. 1969. Regulation of blood meal size in the mosquito. 
J.Insect.Physiol. 15: 2039-2044. 


Haeger, J. S. and M. W. Provost. 1965. Colonization and biology of 
Opifex fuscus. Trans.R.S.N.Z., Wellington (Zoology) 6: 21-31. 


Hocking, B. 1971. Blood-sucking behavior of terrestrial arthropods. 
As ReV.Ent, 16: 1-26. 


or | : 








Ws S37 aderno pa om ik imA ) sity an? 


.A.Y.8.0  .r3gebes SthoR \e eso) Lupton 
































bake: wake) osinpeem Ons WS; ree ss aren a a 
‘lA io yStexovind .eiwords .08 8 ote tw) snepits? 
| .sbaned earedlA nose mb S 

i . mat ioe ' . 

aceeeu pribest ..e€i vee 288 8 Gas -tod- VE) «A <m 
sR ALO ays laucebe yd aofageliuaisze :itgqypeé 2s bs Te 
-20ai~ptel :6hl sonek 


™ 
av 
_ 


4 2 On A Cale .eadliwW .b % Bas +f 
) ! F A ! 3 & ne ao ‘© { Tam rrie a: ri hoax i if Pa oe 

Y tei. Licd .meetiepuca eta. seal Hite 

' : 7 . : 


a - 


, Ive 
a .é mene bbe mentee Atl = 2% 
a ; f . f emacd %  BRADEM ; veteapig -e0er | ts iol 
snie,: 1 - wabres wreseresil x = 
: . » Vas . ‘ - 
are . 
42 A sete . nner a ik w Die +4... 008 i. 


Lup te exe arsttt vom aid “RO (aes 
; ; : : . witeges codesels s polyil rs 
: saizelbtorvole to noise 


: bs iv 

D of2 20 Srotoirx: i .p2@L .getites .D .Y be Aaa isew 

f ie an cee sit 3d exodqeusvemeda: 

* “ : ‘ : ~ lag oe oe ftqros..t 
. r . Fi . . — _ 
a : . , oh , wd = a 7 
IT. lis ws80 JoAnne Yo mdse eRee Get anh 2 a 
; | EbS- oe Sao ol - 


her 
- 


7) ae ‘ ; at a aie a a 

a6) tt Bgur4es eo) 3 Cat Bs vpn 3 ag saeaorg & 
‘od Jo stntuen® co ttiw gedtoped yonehes- pwd s jo « Ber: 7. . 
NOK... .6lzelaen-pi sonsoldingaia i eae 2 vilwe te n S 
. tie “geo bolton r a 


aa 


al a 
a 


yoxd 
_ al 
= 


= 
, ee 








oy 


: od hupe: m oc? ni ssie ieom honkd te tot 261 


ord bee m2seeinotos — 4aae 
foc aM (the ‘ 

: a, eer 

02 20 20 ves 


111 


HOGGSON, te. Saget? oS study of chemoreception in aqueous and gas 
pieces.) Bi0).4p) 1.105 tlle. 


Hopkins, B. A. 1964. The probing response of Stomoxys calcitrans 


(L.) (the stable fly) to vapours. Animal Behaviour 12: 
512-5 Prom Sliter; L270). 


Horsfall, W. R. 1955... Mosquitoes. Their bionomics and relation 
to disease. New York. 723 pp. 


Hosoi, T. 1954. Mechanism enabling the mosquito to ingest blood. into 
the stomach and sugary fluids into the oesophageal diverticula. 
Annot.,. ZOOL. japw.2 / 202720. 


Hosoi, T. 1959. Identification of blood components which induce gorging 
of the mosquito. J.Insect Physiol. See Lois. 


Howse, P. “Es. 1968. “The fine structure and functional organization of 
chordotonal organs. Symp.zool.Soc.Lond. 23: 167-193. 


Hudson, A. 1970. Notes on the piercing mouthparts of three species of 
mosquitoes (Diptera: Culicidae) viewed with the scanning 
electron microscope. Can.Ent. 102: 501-509. 


Ismail, I. A. H. 1962., Sense Organs in the antennae of Anopheles 
maculipennis atroparvus (v.Thiel.) and their possible function 
in relation to the attraction of female mosquito to man. 

Retay Trepano: daod.., 


Jones, cd. Chand: Di) Ro Pulitr. 1973. Blood-feeding behaviour of adult 
Aedes aegypti mosquitoes. Biol.Bull. 1452.12 7-139. 


Kadletz, N. A. and L. A. Kusmina. 1929. Experimentale Studien uber 
den Saugprozess bei Anopheles mittels einer zwangsweisen 
Methode. Arch.Schiffs.-u. Tropenhyg. 33: 335-350. 
(Cited from Christophers, 1960). 


kellogg, Fa_—E. 1970. Water vapor and carbon dioxide receptors in 
Aedes aegypti (i4). s0-insect Physiol. Lo: 99-108. 


Knight, J. W. and J. S. Haeger, 1971... Key. tos adults of ihe Culex 
subgenera Melanoconion and Mochlostyrax of Eastern North 


America. J.Med.Ent. 8: 551-555. 


Kulagin;, Nee Lo0S.eeber Kopfbau bei Culex und Anopheles. Z.wiss.Zool. 
S378 2OO= 330s 


Lacher,; V-s.1/6/« Elektrophysiologische Untersuchungen an Einzelnen 
Geruchsrezeptoren auf den Antennen Weiblicher Moskitos Aedes 
Aegypti (L.). J.Insect Physiol. 13: 1461-1470. 


mer 7 wr 






































peg hits swoops nf mNpopeseedy Bw gs 

‘ TRERBIS. 2000 ob . 

sitesioleo eyxerore To agua pe helewny aa? . .o0CL . 4 “43 rhage 
eh anak ceed Lvatkat aw es | ytd mito ord) (ay 

-{o0el Siar 


® 
+ area : 


potjelor bry enivgnotd ziodt. ~ seat tqmelt, .2aCL) i ae a 
q2 08 av wee ‘eee 
Pm ; ; é 
oini Booeld sa Mer a O° Lupe {9 pith Ieddeeg meinsA seh .s2e1 .T .toeoH. - 7 
AlsolLizavilh Trepertjoaro od] cont 2biwt? yyegee Tie doanode orld. : 4 
" 0-4. aS S. er carer ae 


piipyop sowed Holdw einonogqgoo- hoeeld to fod dant saesT eves ?- “oset : 
i rc =! = folpyrlt Jomvert 2 OF fupecnt its Yo oe _ 


ty aolIeinapwo. (suottomt hep saytorste Sat eat Seer a 7 owe: a 
-BUE-VOl :€S. Del m8, Soog.Gmg2 -enqord fanofobsods 


= = 


<2 cinadseom gyuidurely sid mp: eptow SOTSl” A \sostee 
iuimse oft dtiw Gewealy (subialiod cngetekd) 2909 Litpeon, 
QO8~IC2 2504 -goMime> veqnenwola ‘werigoels ENE 


iWon to -semetan add nl easpuo eqgem. . cael! Ge UE Shama 


nods elxitdada sesrty faye (.. Debit 4-2 BY Pepe tg, Shanes) 1936 heir 4 
iit OF otiupZom oleae bo enientiddn ep ed tokgadey - : 7 : 
| | 260 VEE .goxP BISA 7 


SIDE if} ois ich PLO St —Deeka EV?4 eettaL, a a bon ss 6G inane 
TL I-VGL 2081 I ipgi dom Jeaigiededs dc Soqypies “esboa = _ 


 zanu. /Marnose ean aw xi OS ef 2AM 4 ‘a bee A 4 stelbar 
RMelwwvoiew: Tite ALodgin ao\wigoad fed esesongeias nab ; 
-O2C8f-#8£ +h pyinegeyt cable ee «(eee «© ee : 
' (042! , ovaries een? ‘hesi>} 


NL. aro lyon Shixearh ers es bne ‘yous 30708 <Over 2.9) poor tay 
BOI-RE. <8L . lot dopeet lb) 4 ban} ‘Ada ygee ketvod . 


a 
* 


ee ai Yo gue vo yor, . 1S . ape . par ath WG. 


efieonhie eee ord eae ents 


ars aes = > Ft as ce ; 
ate, : f, * ae fa ae aaa 


i] 


112 


Tall, 6. 8. .1970. Carbohydrate meals of haematophagous tabanids 
(Diptera). J.Med.Ent. JNO 2 Zio. 


Larsen, J. R. 1962. The fine structure of the labellar chemosensory 
hairs of the blowfly, Phormia regina Meig. J. Insect Physiol. 
smiarceiaisy ak . 


Larsen J. R. 1963. The fine structure of the interpseudotracheal 
papillae of the blowfly. Science 139: So7. 


Larsen, J. R. and W. B. Owen. 1971. Structure and function of the 
ligula of the mosquito Culiseta inornata (Williston). Trans. 
Am.Micros.Soc. 90: 294-308. 


Lee, Rk. L974. Strueture and function of the fascicular stylets, and 
the labral and cibarial sense organs of male and female 
Aedes aegypti (L.) (Diptera, Culcidae). Quaest.ent. 10: 
Lov—Z2L5.< 


MacGregor, M. E. and C. U. Lee. 1929. Preliminary note on the arti- 
ficial feeding of mosquitoes. Trans. R.S.trop.Med. Hyg. 
232 US 2 « 


MacGregor, M. E. 1930. The artificial feeding of mosquitces by a new 
method which demonstrates certain function of the diverti- 
Culal Wrens. ReG trop. Med.Hyd. 29: 529-351. 


MacGregor, M.JE. clos. ~The nutrition of adult mosquitoes: preliminary 
contribution. Trans.R.Soc.trop.Med.Hyg. 2a (A)27 465-4872. 


McIver, S. B. 1972. Fine structure of pegs on the palps of female 
culicine mosquitoes. Can.J.Zool. 50: bY L576 


McIver, S. B. 1973. Fine structure of antenna sensilla coeloconica 
of culicine mosquitoes. Tissue Cell 5: 105-112. 


Marshall, J. F. and J. Staley. 1935. Generic and subgeneric differences 
in the mouth-parts of male mosquitoes. BuULT.ent Ress 
ZO 2 231 ODL. 


Matsuda, R. 1965. Morphology and evolution of the insect head. 
Memoirs of the American Entomological Institute, Number 4. 
334 pp. 


Mattingly, P @Fen1962. mhe biology of mosquito-borne disease. The 
Science of Biology Series: 1. Edited by J. D. Carthy and 
J. F. Sutcliffe. American Elsevier Publishing Company, 
Inc. 184 pp. 





“atr 








yiociveormets whELeWds1 wey a0 ena sili 
-Jabeyit aoeonl 2 onion enkpor aeaak: 


a Libs Stall, Os 
5 a 
a 


fomiienswipticovgriIei sit) lo mutseide Salt eff”; a 
AOE +@EL asnetot cf bte ett 9h an 



























of 24 gotyoavd bas ssotoocdh INO ee 8 OW be 4 a is 
anes? lL (nise i tit) mamayond aaeue 2 ofiupman ens Jo s 
L-P@h OP 56d, nora Rim 7 - 


bas ,eded ye asivolonst. ey to nefyoow® Bet erusoar9e =e voi 
elem) Bg ots Yo ata canoe Teftadia Si Leedal edd 


Of as . 79751 0) ° (eabz Lat v ‘ ‘erseIg si? f vsl) mee ; = A 9 : 


~itcn eff Ap eS); voairime load Cel ted -¥ «2 Bas | M ytoeeigoas - 
DYE OM. gort.2.G.nnmdt .2ecgippred To pniboe?. Into 





iT, 
- 


a - =i = ; : _ 
Wail & Yr JAiupspaenm 7 patie? fulatigsase oit't -O€et re. ae | sTopsToam - 
“fob aly de aal jou oalbne ces ae tere omeb tio k¢dw Borttoar 7 * ; 
eats PMOQSE 268) ser. Aa SGrSe SRA thes oe 
7 ole 
j7TMNMLesg shonin giube Yo ooldaviepe Sry Eee! <a My 


-Vo-eSb =( DES ope. SoM. got’ coB.a ena? - woldsdisgnes 


5 “— a . 
olenst Io sql of to epeq To srotousd= enka sS¥er .f .2 ,taviol: i. 
‘OVO-INe 202 .ToOk Toad Jeep iaiene ondod tise 


Leo ronea Aree EWI Te - oN PoU LS on tt evel 8 5 LSVIOM - 
Sil-aol <2 fey soneit <naosluppm entod tao | 


esansioith sisonepon bes oven .80RE .yetade i Bas te es 
eel.jng. let .aeeviopoed obey W soya 


«Se od Seco orks fe eb) “Taye | | " 
Sedu . sme) sent oi evones 





113 


Megahed, M. M. 1958. The distribution of blood, water, and sugar 
solutions in the mid-gut and oesophageal diverticulum of 
female Culicoides nubeculosus Meigen (Diptera: Cerato- 
pogonidae)s eBull., Socvent.Egyptet42: ©339-355. 


Metcalf, R. L. 1945. The physiology of the salivary glands of 
Anopheles quadrimaculatus. J.natn.Malar.Soc. 4: 271-278. 


Michener, C. C. 1944. Differentiation of females of certain species 
of Culex by the cibarial armature. J.N.Y.ent.sSoc. 
52: ~263=266. 





Culicidae) and its possible use in biological control. 
Bull entekes. 6275 35o-3570. 


Muspratt, J. 1952. The bionomics of an African Megarhinus (Dipt., 


Nehman, B. F. 1968. An electron microscope study of the distal portion 
of the hypopharynx of female Aedes aegypti. Ann.ent.Scc. 
AmeeGR: 1274-1278: 





Nattall Bc.0H. FlJeand AVtH? Shipley se1901. studies *in trelation to 
Malaria II. The structure and biology of Anopheles (Anopheles 
maculipennis). J.Hyg.Camb. 1: 451-483. 


Nuttall; G: H. F. and#JA. EPtShipley,*1903i" Studies in relation ‘to 
Malaria “I1I.* (concluded). The ‘structure and biology of. - 
Anopheles (Anopheles maculipennis). J.Hyg.Camb. 3: 166-205, 


O'Rourke, F. J. 1956. Observations on pool and capillary feeding in 
Aedestaegyptil (Lt): Nature l7/7: 1087-1088. 


Oger pec We Mop i. Hudson and A. o. West. LOGl. | The salivary olands 
of Aedes aegypti. Histological-histochemical studies. 
Caner noo! - eo ee OO—= 2 / 22 


Owen, W- B. 1961. ‘The contact chemoreceptors of the mosquita, Culiseta 
inornata (Williston), and their role in feeding. Am.Zool. 
Le A60% 


Owen, W. B. 1963. The contact chemoreceptor organs of the mosquito 
and their function in feeding behaviour. J.Insect Physiol. 
oes) 6 


Owen, W. B. 1965. Structure and function of the gustatory organs of 
the mosquito. Proc.xll Int. Congr knt. Lond.) 1964, .cec. ul2, 
(A 


Owen, W. B. 1967. Behavioural studies of inhibition and integration in 
the mosquito Culiseta inornata (Williston). J.exp.Zool. 
Ioo:” sOl=300% 













































- 7 “ : 
lie 7 - 11] 7 
: : I 7 
; i. 
uepte bas sate boat 26 ideal e ry 
& mbrial peavrh lc regtin av hi poe tear at Bree 
oni , thu Gg) none e 1 ha) a wbioal HO. 3 ; a0? 
—d eet . Sh etal po vein a Q.iiva  . (aod: < “andi ™~ as) - 
i 
hee i) vy : ; role 7 eedq oS aT ° eet es A 389 
his : 30d. CO LGM. Ri eh » WMD Atrgaa wau ao Loitge +o 
,. are Roy 


4 os 
aoe 


F j 7 
it 2 | elimot In coégertogtettaa “Opel a 2) aie oto EM. 
’ ?. c 109 go lnteadio ond vd xetif) aril 

B85 -E9S * 


dhe) eiinteds io th Yo eoimond eff: ke et. : 
P i : : ‘ el Gi it q esi ; ane 61 eo 
QVE-2ee ‘se 0a, eee (ae 


ue 


oe ina | 735 | a weet ft Fe 
SHS pers f jlatei Ja nea rt MgO qvd acd? 30, = 
t ie ttl +Lé ak a 

2.4 Bas < R a ial 

ia has aautorsde eet - EY wiseiom 
M2, eek. G er re 


: os un - 

j al bon sa ot! wv + 

orl ie aed 7) 4 a it“ wisn okt — Lim : 
+ ‘ 


(MEM E Loe to4 Shon) “= Lethe zn5 
“3 7h imeco eer me .t “etl 
L iti onote® .(.0) L3gypes #anpA 
r R 26 Dem oes rik ohh) , 4 7 2 aa 
; . $2) dh] iypolotely i 2. Lpen ashah TS 


aia 7. s@t - load . ts ae a 


atesi (wo , ’ 2; neromed> Joatdhoo off . eel oll - 
‘ : Sioa DAG , (aodat [ rw) sispiont 
4th Ob th 

' * «et ’ : » oe Oe 
: , i = 
od luna io anepToa sotggrovsonayis Pf setoo. act? ‘ oel .& 
. bore: 9 - =f gre | > i nits ef punt tts as nk wottos rast Yieds ae 7 


3p aunyro yiovetaup ott To aalspan® Ens. oxigoUNss 
aff -952 . hae f. ‘ « Dertenl « Bite sitea dite S002 ink. ort ll 


_ - 
, k notar ble 
: ———— ‘ 


: oe 


114 


Owen, W. B, Joyl, Taste, receptors»of,. the mosquito Anopheles atro- 
Varvis Van iniel. J-Med:Ent. 8: 491-494. 


Owen, W. B. and S. Reinholz. 1968. Intake of nucleotides by the 
mosquito Culiseta inornata in comparison with water, sucrose, 
and, Dloed.s. Expti.barasit. 22: 43 ~ 49. 


Owen, W. B., J. R. Larsen and L. G. Pappas. 1974. Functional units 
in the labellar chemosensory hairs of the mosquito Culiseta 
inornata (Williston). J.exp.Zool. 188; 235-248. 


Patton, W. S. and A. M. Evans. 1929... Insects, ticks, mites and veno- 
mous animals of medical and veterinary importance. Part I. 
Medical. wh. heist Obo, eubd., Croydon, x=+ 786 pp. ; 


Pearson, T.R.1970. yThesstructure and Gunctionsof ~hesapical:labral 
pegs and long labellar hairs of the mosquito Aedes aegypti 
(L.). Ph.D. thesis, University of Alberta, Edmonton, Alberta, 
Canada. 


Price, R. D. 1958. Notes on the biology and laboratory colonization 
of Wyeomyia smithii (Coquillett) (Diptera: Culicidae). 
Can.Ent. 90: 473-478. 


Pranic; 0 .eli.eaen LOSGee Proprioceptioniinsinsects T. A new type of 
mechanical receptor from the palps of the cockroach. J.exp. 
Biolog to: LOl-113. 


Remington, (s .0eel045..a0rhe feeding habits of Uranotaenia lowii 
(Theobald (Diptera: Culicidae). Ent.News 56: 32-37 and 
64-68. 


Rice, M. J. 6970... .Cibarialictretch receptors inethestsetsesily 
(Glossina austeni) and the blowfly (Calliphora erythrocephala). 
Setnsect Phiysiol, 16< 5 277-289. 


Rice, M. J. 1973. Cibarial sense organs of the blowfly, Calliphora 
erythrocephala (Meigen) (Diptera:- Calliphoridae). Int.J. 
Insect Morphol & Embryol. 2(2): 109-116. 


Rice, M. J., R. Galun and J. Margalit. 1973a. Mouthpart sensilla 
of the tsetse fly and their function )II: Labial sensilla. 
Ann.trop.Med.Parasit. 67: 101-107. 


RLGG eM. dbo; eR. «Galan and.J.4 Maxgalit.,).i9/3b.e,.Mouthparb,sensilia of 
the tsetse fly and and their function III: Labrocibarial 
Sens Liga ean. Crop .Med.Parasit. 6/7: 109-116. 


Robinson, G. G. 1939. The mouthparts and their function in the female 
mosquito, Anopheles maculipennis. Parasitology 31: 212-242. 


ot Lap om ea a Ww exetqoi 


Fo atti wre Peweyhd wees 
ae. itt medsse? - 


“GOL iX@ 4 







— = 7 
An are 
- v 7 on 
- “9 ald 
7 ay 


Lee ‘G Se an ae 

























| aa | ; 7 
36 SHAIA, wael ; pon - reo sty 
pyegeoo mi Ades sigan Biehl. oye meat 


(of .seqqueT .2 oJ Gis aeevad ‘x 1 
av tnd y ste Lemar teLlecat 
joot.ace. tt «tneved iti chose aie 
eh 

S4nongT .@S@) .eneve .M LA Bae Ba 
inv hoa laatheam ie 7 nie 


(y 80 att aed tedst pried bre ee — 
4 i% JTW aie (sd * a,Ag 4 
. enbastR _ 


OO 
7 _ 


“l(a 
oto .820f od ft \euied 
ire. & aiy parc 4g ; 


Lt. 
BTS-ETs. G08 ini. 189° 
7 .8CCL «8 0 0 yehonbee 


€ 
+ ¢ 


LAqwoG Ot 
ty $ nowt, aosqeces- mtarnpe nd ae 
ELf0L sed eee |) 2 
i “ws nee - 


44 : ; ms snr ~ahe mh wt 9) sbi om 1 
dhivezaD :araesqid) B bie edpegh) 
; -8a-bo 
: ) 


joterge inbpetio, .OCel. tM 
i> Grin (sn sri ts pabyeotp) 


“VCS fl .1e) — 73992 ai.U 

\ , oa 

ott Yo enantio dace. Ie damit. ther. al ref oof 
fo) sathonhghe) - (weptem) Ale cdoenouityts of] ae 


OL <{8)4 -foyed me Kedqqaatt Soeent 


. T + 2 
, f a re . 
we a i Ji lepiat be has ne Lad A ue G A ones 





fimobroit yfetd Bes yt eadead a ik - 
<G hOL :72 — me i. bot . qcy atu a 
. = spent ave _ ye a 









ce diss 








7 bs art: z= 7K, . 


cap 26% 





115 


Ross, H. H. 1951. Conflict with Culex. Mosq.News 11: 128-132 


Roubaud, E. 1928. Nouvelles recherches sur L'evolution zoophile des 
faunes d'Anopheles en Europe. (A.maculipennis) d' apres 


les donnee de l'armanent maxillaire. Annales de l'institut 
Pasteurl to DD S-OLG. 


Pusselt eb. bee loa! eh mer nod Or feeding blood meals to mosquitoes- 
male and female. Am.J.trop Med. 11: 355-356 (cited from 
Gooaing, 1972) 3" 


Salama, H. &.. 1966. ‘The function of mosquito taste receptors. 
Joinsect Physiol. 12: 1051-1060: 


Schiemenz, H. 1957. Vergleichende funktionell-anatomische Untersuch- 
ungen der Lopfmuskulatur von Theobaldia und Eristalis 
(Dipt. Culicid. und Syrphid.). Deutsche Ent.Zeitschr., 
Nee eo oon. 


Schmidt, K. and W. Gnatzy. 1972. Die Feinstrukur der Sinneshaare auf 
den Cerci von Gryllus bimaculatus Deg. (Saltatoria, Gryllidae). 
TIL. Die kurzen Borstenhaare. @. Zellforsch.mikrok.Anat. 
26s 206-222, 


Siar leit, ple Os.) A flexible cuticle in the wing bases of Lepidoptera. 
Can. Gotwao: 26-100: 


Sinton, J. A. and=G. Covell. 1927. ‘The relation of the morphology of 
the buccal cavity to the classification of anopheline mosquitoes. 
Indian J.Med.Res. 15: 301-308. 


Skinner, W. A., H. Tong, H. Marback and T. Pearson. 1965. Repellency 
of skin-surface lipids of humans to msogquitoes. Science 
149; .305=306. 


ji ter, Galan LOoSe ie reaction of a grasshopper to an odorous 
material held near one of its feet (Orthoptera: Acrididae). 
Proc.R.Ent.Soc.London,Ser. A 29: LPR Qe 


elifer, BE. H. 1956. The response of a grasshopper, Romalea microptera 
(Beauvois), to strong odours following amputation of the 
methathoracic leg at different levels. Proc. Rint. sOc. 
TONG) .CCT uae 31% 95-90. 


SATS L rl «ee OU. eee rapid and sensitive method for identifying 
permeable areas in the body wall of insects. Ent.News 
(DAS a ee 


Gluten vale las LoO2e | SCnoOLy hairs with permeable tips on the tarsi 
of the yellow-fever mosquito, Aedes aegypti. Ann.ent.Soc. 
Ameo Peo SO. 
























sus ivuat tf Pr 


~eoctbupac oF wheen bop iduprelhes? rer batten a vteet Bee } 
ims bedin> sec—BVE dy. . bon ort ‘tome cyan te eee a 


.weasqeder efend of Eunom 1a: aoldoey® wif .60@L ,2 i ne : 7 
POOL LAGE 20 Ledge soeatst, > a =), 


7 a 
-foveiotald ofse | modaie-Llenott tang atriany telosat -V2eL oes 7 oe 
triefaits brs 4 cA sien wT #ov sete loteuatgol 1.98) copra hin 


vetted Dok, and etvada: a. (Rua Serity -bioitus saa) ca yi 


Inn 6 ee eeahl2 wh LwUMU Ieee ot elf rer -VatoaD .W bos mW ea 
(asbiliytd .eitogealbe) vel wits ieole su tive nov tore nab 
tert got oeoeitay eas Bailie 28 rns ol .TIT 
ee, S-a0g  yaky © 


. eresieubrg wt ty yacatl pint aly al st&h suo intent a Cees ae til 


20 Ye } ofq2en Patel , wr G it ; CG rf ne | err * 4 > 0 I a i iteve> a>} Bae: wh 4 estas : 
sfz ead Li } out. Os I Thy fil wo nox Yas pe ry raegt- ses og b tva> lavoud ary - 
BOE 10K, BE end beet. 0. ae LBat, 


Yoda l Lagan rae, »fbesthet Tbh Asti -H . pag? aH. A Wa 
Soa 2 Sho yi poam os atest I bas whigid eset tie —etie io 
 SOE-ROE” HOE 


aucrrohd ris of teeqodeesup «to aolvoasa ae? heed. GH A 
» Ceoestoikhh fof ceseqorirsd) Jee) ati Jo eno weow bled : 
weOt-Tr 70D A ers ate 


116 


Slifer, E. H. »1970.. The structure of arthropod chemoreceptors. 
AiReyeboGeekoe L21r142, 


Siifer, E.jwHeseand Sayeipcekhon. 1962. The fine structure of the 
sense organs on the antennal flagellum of the yellow fever 
mosquito Aedes aegypti (L.). J.Morph. III: 49-68. 


Slifer, £. H. “and! Sans.) Sekhon. 1969. Some evidence for the con- 
tinuity of ciliary fibrils and microtubules in the ansect 
sensory. dendrite. , J.Cell Sci. 4: 527-5405 


Snodguass,@R. BE. 0l959. gtbe anatomical life of the mosquito. 
Smithsonian Misc.Coll. 139(8): 1-87. 


Spielman, A. 1971. Bionomics of autogenous mosquitoes. A.Rev.Ent. 
O29 231-248. 


Steward, C. C. and C. E. Atwood. 1963. The sensory organs of "2ne 
mosquito antenna. Can.J.Zool. 41: Se Sia LE 


Stone, A. ,akasuitkuignt,sandal. Starcke. 1959. A synoptic catalogue 
of the mosquitoes of the world. Thomas Say Found. 
VO us O78 SOO Ol. 


Stone, A. wlQolgg,A synoptic catalog of the mosquitoes of the world, 
Supplement I (Diptera: Culicidae), Proc.ent.Soc.Wash. 
6321629-524 


Stone, A. 1963. A synoptic catalog of the mosquitoes of the world, 
Supplement II (Diptera: Culicidae). Proc.ent.Scoc.Wash. 
e5yell/—140- 


Stone, A. 1967. A synoptic catalogue of the mosquitoes of the world, 
Supplement III (Diptera: Culicidae). Proc.ent.Soc.Wash. 
69> BLO7-224. 


Stone, A. 1970. A synoptic catalogue of the mosquitoes of the world, 
Supplement IV (Diptera: Culacidae); Proc.ent.Soc.Wash. 
ioe a As 


Sturckow, B. 1967. Occurrence of a viscous substance at the tip OL 
the labellar taste hair of the blowfly. Proc.iInt.Symp. 
Glfactson andslaste,rld (Hayashige Ts snes) = Oxford: Pergamon 
PYESS.01PPee/ 017020. 


Stiirckow, B., P. E. Holbert and J. R. Adams. 1967. Fine structure of 
the tip of chemosensitive hairs in two blow flies and the 
stable fly. Experientia 23/9: 780-782. 


noOmRE re i | sxotxKo vv. {> be 4 | 4 LSiah yitets) Ff Bs ene hte. td do 






























atl Fa ae 
- i) 
- aN ~ ' a 
qoouwz@amts by qo a So. ocomibede inh IVE 
Cry Selig Si vel .o¢ 


hae = _@ Po ‘ 
a " 


ee a) LE ‘ 
© stuteowr ss on) a acai’ 2.2 
vol Tae . hel) tennjdae aay We eneg ‘© ORIN 


5 rr} de Q Pa ite amt eee5 985? pom 
-Qp0L at shed 2 8 a 8 


pe os | waa ’ rere Wie) ae reds nis to en nt oa 
/Ohe-"a2 63h eee Lieo.t Jishaah | 1 : 


_ 
were wets enek a. 


2our. meee h . brs i “eG 
.fo62.U.ree0 Sanwa os} fupaom 


yi . iJ is of ure A taeL. eno: 2 
(61890 QUy “1 7a8 nalayez - 


-SE-RS ,3te, ie 


aa " ' rs Te. ie y Sqonye caer . ie 4* bie 32 
tis Tr @) <r Snéien tin que _ 
-OhI~- “ti “ena 


iY Yo. adomlatic. 3S sities 4 ‘tl ied pre 
rt) + Pax M) TTT SAcmelqusa 7 vs 
MESO GR: : 
fio -wpolutes oitganye A one A 098 
‘ ) reeagwistl VI tonne lqque } , 
«= Tbe 3st - : 


ie 5. 7 7 : : 
10 gic 213 Je sonadecne aueoeiv 6 Fo Sones seo caer a veal x 
(AYR 7AL SOT) wVhiWwold,.aet Be | 7 ava? ‘eotlodat ° an 7 








Sa . + i ae ae * oe i one 
ee ee ee ee en ae = co da hi 
x D win: =trase anit Tae tn a at Das o3eds a 7 1 

ois bre 265i 17 word que at x emi Ye 
: ahs 


_ erent 















a = 


Wi? 


Sturckow, B., P. E. Holbert, J. R. Adams and R. Js Anstead.: 1973. 
Fine structure of the tip of the labellar taste hair of the 
blow flies, Phormia regina (Mg.) and Calliphora vicina R.-D 
(Diptera, Calliphoridae). 2Z.Morph.Tiere 75: 87-109. 


Thompson, M. A. 1905. Alimentary canal of the mosquito. Proc.Boston 
Soc. Nat. Hist. e223.) 145-202. 


Thurm, U. 1964. Mechanoreceptors in the cuticle of the honey-bee; 
fine structure and stimulus mechanism., Science 145: 1063-1065. 


Tominaga,. Tr, tH. Kabuta @ndwsNAKuwabaranl. 1969.00 fhe lfine structure of 
the interpseudotracheal papilla of a fleshfly. Annot.zool. 
Japa 2a lO 104. 


Txenbliey aH aL. 01952. olheudistribution of certain diquids ancthe 
esophageal diverticula and stomach of mosquitoes. Am.J.trop. 
Med. Hyoteie. (4): 693-710. 


Ugawis.. andijM. Kuwabara. miujo65.qni0On thelfine: structureof: the chordotonal 
sensillum in antenna of Drosophila melanogaster. J.Elect.Micr. 
te, MSO 


van Handel, E. 1972.. The detection of nectar in mosquitoes. Mosq. 
News 32: 458. 


Vizzi, F. F. 1953. The mouthparts of the male mosquito Anopheles quad- 
rimaculatus Say (Diptera: Culicidae).: Ann.went.Soc.Am. 46% 
496-504. 





Vogel, R. 1921. Kristische und erganzende Mitteilungen zur Anatomie 
des Stechapparats der Culiciden und Tabaniden. Zool.J. (Abt. 
Anat.) @A2:en259- 282. 


Waldbauer, G. P. 1962. The mouth parts of female Psorophora ciliata 
(Diptera, Culicidae) with a new interpretation of) the functions 
Ofmthesl abvalamusciesss wf Morphfedtile 1201-2155 


Wallis, R. C. 1954. A study of oviposition activity of mosquitoes 
Divo .HyG. COs wi 35-168. 


Weidhaas, D. E. 1972. Personal-use repellents and repellent-treated 
netting: a review of their effectiveness and related applied 
and basic research. Proceedings of a Symposium on Biting Fly 
Control and Environmental Quality held at the University of 
Alberta, Edmonton, Alberta, Canada. Edited by A. Hudson, 

De. LO9-114. 


Weis-Fogh, T. 1960. A rubber-like protein in insect cuticle. 
OeeOxD, BLOl. o/s soe U-90 75 


er : v) 
AAT | " 




























EVO’ sbscremi ,b ‘ee namin « a ade 
add io xine etect valfedal ofa Ww ax we 
d=, peiyiy ayeiiet ifs 1 {9 Siphee'y, dal ops 
HOLee et ae hgyet.& | A eaeaEe 

Mee Phe ie.) fir a Pel i 
foteod. our" axtinpuen uit Go Let yea 00g © 
es-eet i elt. 200 
: m4 ; 


: a ite | ye ee 
bert ier’ oe Le) foivm eat aé aeo7ggms sonst om > i 
Lovl§t OL <t oS VeOLt «4 tioafoem ey Lome he ios ow ssourese: wi B.2) 
7 “ i 
.o sao s srk oft Gael owt ban ati cet aay 
: Tons. ac A ~%¥ "4 i} E 70 J [ iv t at a ine E gae enrrseie a ae 
-bOL-£¢ sh. 
7 re ' 
: } 
Exctinot | Soret » moss sgaih alt sper 7 ol ‘4 » Sdeney aT 
ovib teepsdadae 


Parana a 


wie- bre sfunedy 





i 
> 
~ F: i i ane f > eda. ban 


~ 5 


soegutl To senate tih med (Linese - 


_ 


MOLetD set 
a Le pee oa @ a5 Cee 
peo 4 Arete +44 wi. 20 golttoeteb oil Stel 3 tae 
Rak . ee apa eo’ 360 awow ! 
i er iets 
em om Fe neatsnenw ef? &e tT 
; t OD seep) pet myias terchambst +7 
-bO8=3Ed — 
| " 
tid @DMSAIE we hed yfiae.t | al om fst 


ey As 4 . 4 Dw nebinise “eb wie 4qyonoese2 aah 


¢ -t.2 . ee) aK 


ij t i ‘ , Cet a tt .88er om 
wi bad ; 4 36 ine ¢ mmr ia eat: Syl ot x sted gid) 
‘ j ee ps Bates 4 cs ane wd? 3 


asediupanm Jo ytivies noloraogive te phtce A ‘bane a aki 
i , Pi: al-2e4 ide o 2 arate } 


i + 7 ® 
> 


bases we~dtetiodey bein, stared bogey onit-teeceriet. en ae : 
bwkl ‘ee fetater bes ee or Witvetia 2Lodd- to wetven Fr. > 
1 guljra od mtvoqmy? 2 to = bi hesoog4 pan — nant ake 
Ro Ydlevoving rtd Ju Bisel wneieup sl 
: hadi A qa be debe - eetien. Spee in 






118 


Whitear, M. 1960. Chordotonal organs in Crustacea. Nature 187: 
522-523. 


Whitear, M. 1962. The fine structure of crustacean proprioceptors I. 
The chordotonal organs in the legs of the shore crab, Carcinus 
maenas. Pliil.Trans.R.S.Ser.B. 245: 291-324. 


Wiesmann, R. 1964. Untersuchungen uber die Bedeutung der Ainnesorgane 
am Russel der Stubenfliege. Mitt.Schweiz.Entomol .Ges. 
BG: 249-274. 


Wolbarst, M. L. and V. G. Dethier. 1958. Electrical activity in the 
chemoreceptors of the blowfly. I. Responses to chemical and 
mechanical stimulation. J.Gen.Physiol. 42: 393-412. 


Wright, We R. 19245! On the function wf the oesophageal diverticula 
in the adult female mosquito. Ann.trop.Med.Parasit. 
Where | IT fete Ps 


Weignt,PRe EB. andgG.{R. DeFoliart. 1970. Associations of Wisconsin 
mosquitoes and woodland vertebrate hosts. Ann.ent.Soc.Am. 
63408! 77> feo: 


Zacharuk, R. Y., L. R. yin and S. G. Blue. 1971. Fine structure of the 
antenna and its sensory cone in larvae of Aedes aegypti (L.) 
J.Morphe (L652) 6273-298. 


Zacharuk, RR. Y. and S. G. Blue. 197la. Ultrastructure of the peg and 
hair sensilla on the antenna of larval Aedes aegypti (L.). 
J. Morph. 135: 433-456. 


FACHACUR Enh. Yeo and S.« G. Blue. f971b. Ultrastructure of a chordotonal 
and a sinusoidal peg organ in the antenna of larval Aedes 
aegypteL (L.). Can.d.2001. M49: — 1223-1229. 


Zwonitzer, R. L. 1962. The morphology and histology of the labellar 
contact chemoreceptors of the female mosquito Culiseta inornata 
(Williston). M.Sc. thesis, University of Wyoming, Laramie, 
Wyoming, U.S.A. 35 pp. 


Zwonitzer, R. L. 1969. An electrophysiological study of the labellar 
contact chemoreceptors of the female mosquito Culiseta inornata 
(Williston). Ph.D. thesis, University of Wyoming, Laramie, 
Wyoming, U.S.A. 74 pp. 























- = 
i. ; 
‘Tel ewe! .moantewTy mM enapto Lams esr 
4 q 


| an 


2 

’ Rib 

7 : yt } mn iw } ies Fu VID PSS SS otk? 2 sur cae on 7*8o 
je mye i ’ J al ¥ hal red fe wogeb yoy BF 

4 . a i, poe ace - we S'S raat aaa 


a eS ee b> code eepititouemestrdts ahaer an aol 
« ‘ be és ‘ Pe % ‘ yeh: Iz t iy ae be 
TE-CbE | 


oe 
'» 


= ae 


ry i 
‘ oO: ioe — te An a 
-i%ueld ects Yo. mani ecexommiS 
7 } ws L oy 422) | a a i Ja leolmsdoomn 
a 
i a0 py rot 
92 oft me ni a 
68 mein ret r 
: that Ss 
4 : a, iste) As a ivte oe a Saga 
. rT : Dis esos ivpac a 


4 ; “y 
os " ‘ ia Z 
5 ~ + bh I con a 
y f + c in SI trig 
° EN Pa: a Pt qTon.T, » 
i 


: ; sag 7c f ig 
" eG) veeke . 7.8 Bee. WOU ied 
eft. a alliende tet . 
& + +ES sige ae ‘Se 
7 iY ‘ : 
44 Me 2 hb ' *- 2 bein’ ¥ «a dura aS 
r we 4 yo paq nb. cvace be hi fas ar 
: . . fe alias | add 2 fayese e - 
el re | peloton sit Sen a os 9a ho 
Giri i 4 a Terie Se tea > oa? yey ~ 


7 ' ¢ d ‘MLSS ‘MBM . {06 Pier tfiw) is 
i ea coahnoy 
. wae. ‘ : 
teiiedal sis 4 I ' fnaf Ore f ; 
ae “ 7: Sin nh .0aUl * Py: 
SUSTSORL, RIGS L IU. allipnan olewet as Ve mpadqouw nomrts tosteos: 


Sats 7 


—, ter oon movwl ce P Vee? ire e 
| ryan | oe .8 






149 


++ 
ca 
actse, 
++ 
++ + 
++ + 
++ + + 
+ + 
++ a 
++ 
qto xdAy pw 


(IL6T) tTZzZnTOD pue ueAzg JO Z “ON TANerzey “VY ST eTDdY petTpnqs setoseds ouy yx 


aa 


+ 


++ 


WO 


Ie pa 


OM‘daNn 


OM ‘T-vwasn 
WLHST 
Nab 


WIHST 


Nan ’I-vasn 
Ho 


3s0ITNOS 
TeTz92eW 


TO6T ‘(33°TItTNboD) Tryuatus etAuoekm 


SPST ‘(Tuepuoy) umaeqTbtp uodosorzdoyptaz 


6T8T 
‘(uULWePSTM) SUSpueTds (SaeqATYoUAYUAOXOL) SeAtTYyouAYyZOXCL 





TO6T ‘PTEGOSUuL 
stdtedtaezq (seqxtTyouAYyAOXOL) seqTyduAYyAOXOL 





968T ‘(3398TTINDOD) SNTTINA (VTTeTyoUAT) SeyTYySUAYTOKXOL 
ZO6T ‘ZatTUod Snaew (STTIS0) Seteqdouy 
TO6T ‘UOASTY TSuaydeqys (eTTTEeD) seteydouy 


*xZO6T ‘UBTSAST T3aNeAeFZ (LTTTED) seteudouy 


OZ8T ‘uueUDeTM SnueUTqTe (SsnyouAYyATOSSAN) SoeTeudouy 
€V6T ‘sebzea TeTzee (setTeydouy) seTeydouy 


setoeds 


“peqzeoTpUuT OSTe ere petpnis sem xos suo ATuO szeYyM seTOSds ‘umTAeqTO pue wmzqet 
*pesn er0m WHS pue WI uqeq = +4++ fATUO WI UTM peTpNAS = 44 
*uUMNTOO eATIOSedseAz ATSYyA AepuM + © UATM poxXAeW Ooze WAS Hutsn poetpnqs ez7emM 


eu zepUNn 


(qt) wumtzeqto pue (xdAu) 
ezeumM soetoeds 


xuAzeydoddéy ‘ (pw) seTqtpuew ‘4 (2qgT) wnaqe{ atTeuz 
*90z2n0S ATeyu. pue Apngs stu uT pesn setdoeds JO 4STT W 


W Xtpuoddy 





eae ela se m ’ as. bite | 5 

| : ta 2) mylzsdio brs’ (xqyi ee m) esldit bam , (xd 
= od Fas, orp 1» bas totw bodzem ez8 MEE meni 
7 ody Ipba ‘VDpew stew Maé bas MI rtyod - = a eetno 
beseaibal cala ozs Baihuse esw xoe BO > yas etadw esise 









oy ie bee 
2 =a § ae a 











a . 7 ' = 5 Ls se 
+ . es . ania: 
? _ ‘ fu = \ , yee! , 2epaeV iolis S, Peres Sen) 
Pe Alea , Y ; : 
| aie 
4 ad Mar , & : : OSh1 a Perw Ba oi cat 6 (danas tases ‘<@ 
- ; a =e ve : : _ 

; , 5 


_ + a -Mive, wCOeT -, iSiS3vel s2ga3 (ed) 8 


J 


ei 


120 


ie UNI ‘set ZOLT “(°1) “tadAbee (etAuobeySs) sepey 


t+ + + te UWI ‘NGL LO6GT ‘(pTeqoeuL) Toboz (eAeTuTa) sepew 
$t+ + s wn ZO6T ‘(A2eTTtTNboD) sndtedozze (eAeTUTa) Sepey 
so aso PO6T ‘ zehq ‘Snanyotaz (SnzeIOTSTYOO) Sepev 
an + Ya ‘HC TO6T ‘(pTeqosus) Trreoueds (SnzeROTETYOO) Sepew 
ra a 5+ 307 616T ‘(aehq) sdtuotd (SnzejOTETYSO) Sepey 

pt+ “ + - 9e1 ‘HL POLT ‘(A@ETINW) SUSOSeAeTZ (SNIEROTSTYOO) SOpey 
S++ | i. 2eT ‘HL yO6T ‘(Sumox 8 3124) Trusses (snzeIOASTYSO) Sepew 
+ 3a] QS8T ‘(zexTeM) SueTonzoxe (SNzeIOTSTYOO) Sepey 

£t+ “ s ud ‘HE O€st ‘(uebtew) STTeSTOp (SnzeIoTETYDO) Sepey 
t+ + $+ 2e7T -giLt ' (009 ea) SfunmUoS (SAISIOTSTUOO) Sepew 
bee 3 He TO6T ‘(PTeqoeyL) STSuspeueo (SNze_OATYOO) sepey 
+ AA 606T ‘uweyerg ‘tOTSEBOSAIYO SoaTpodeuyera 

++ e . T-wasn VOGT + (q30TTTNbo9) SodTzea (eUoSOUTYIUeL) exoydor0Sa 
+4 + “4 JT-wasn 6T8T ‘(apToqumy) xozez (eBwoCsouTYQUeP) exoydoz0s_ 
m T-vasn 968T ‘(39eTTTNbOD) exezTubts etAwopodoyzzo 

Be 4 qT-wasa TO6T ‘PTeGoeuUL TTMOT eTUSejOUeIN 

sot + ae He 9S8T ‘(zexTem) Suezqnjzed eTpTIETTTAboD 





cre xdAy pul erctr @dAnos 
Terre en 








Sqey 


= ae 
p om ee ee Ce ee ace 


+. 


4Sa 

+ Ae ne 
7 i 
a aad , HT 
+ Sal HG 
a set 
+ a. Rt 

g 

S. unt 
RMi |, wee 
ant. (Bo 


bOeL ,(gmoyY & sist? teases 





~~ - 


ave (subd CO) stmas tee 
Oral .(oiplet) mete Ge 
O25! , (eedLa") -soetegoee cae 





oot. « (ae kia) ouspap es 
2FeL (uw eganeie 
ioel ,(bisinetit) iiaseemie tame _— 


SeL , 26yG wavdotes a : 


Soe! , (soo fl inged) a 


“Sel , (hieanee 


Wi 5 ad vi 


121 


++ 


++ 


+i 


++ 


ae 


44+ 


4+ 
++ 


oe 


++ 


a+ 


qto 


a+ 


xdAy pul LCT 


Ox “I-wasn 


Tm) ‘I-wasn 


DAG Sal 


Nad 


ox ‘AN ‘Nao 


~-IMN 


He ‘I-wasn 


al 8 


NA 


HL 


ua ‘Hr 


wa ‘He 


Ovd 


GN ‘UWI 


UWL 


ety 


a0mno0S 
Tetze1eHW 








POST ‘232TTINboD snTzeuTTes (xeTND) XEN 


et EEA 


ezet ‘Aes snqetoseyenburnb Suetdtd (xeTND) Xe TND 








eciT ‘*T suetdrd suetdtd (xeTND) Xe TND 








GirT *[eys20d snqjseTow suetdtd (xeTND) xXeTND 


8Z8T “‘UUeUSpPeTM Suebtaey Suetdtd (xeTND) xe TND 








906T ‘qeuy 3 rzeAq r0ReTeTOOP (xe TND) Xe TNO 








OS8T ‘AOXTEM Sue TITER (XOTNOOEN) XeTND 








OZBT ‘UUeWSpeTM SnuROSNZ (eTZ4NT) XeTND 











ZO6T “7 (3328TTTRbDOD) eanueToul (BANOCWTTO) eBeSTTNO 











ZO6T “(498TTINDOD) suejTszow (2TTeeTtInd) e3esTTND 











CEST ‘ (UOASTITTM) BPEUTOUT (eRESTTND) PASSTTINO 








——$—$—$——$ ————— 


906T ‘(MOTPNI) STsueeyseTe (eFeSTIND) PISSTTNO 








ZO6T “(U0RQNH) Ssnosny xo03Tdo 








B68T ‘(398TTENbOD) snyeqreqns (Sezebtuszy) SezxebTuUty 





LT6T ‘SspzemMpy Tweyaznp (Sexebtuay) Sezebtuzy 





SIST ‘uebtey SnezeuTo (Sepev) Sepev 


O€St /{(uUebTeEW) SuUexeA (SsnydzOwUTpeY) Sepev 





TSOL ‘SHten StSuotseuAjtod (etAuobe7S) sepev 





setoeds 


Tiel ,absewbd tm 


a ecm 





Y22 












































stt+ : WO 606T ‘aeum 3 xzeAaq Sapnesd sez Tre90uTed 

fs an qT-wasn 606T ‘qeuy 3 zeAd z07R00ed (WoTUOUOUeTeW) xeTND 
mies ae THO “eZ6T ‘zekq essoooued (uoTUODOUeTSEN) XeTNO 
ee ae anna) 6T6T ‘qeun 3 zedq essooo (GoTUODOUe TSH) XeTNO 
aus ters TW 906T ‘(qemu 3 22eAd) SNotqeaae (uoTUCDOUeTSW) xeTN) 
++ | q39 O68T ‘39ETTINbop STTESIeF (XSTNO) xeTND 
+ + NGL TO6T ‘SeTTD SnyouAyrOTUSe ITAA [xeTND) Xeno 





qto xdAu s0mnos 
TeTrSIeW 


¢ <i 
», = — PF of ~~ 
&4.rt4 os » io’ ‘4 rie > q pms! a 


ae a 


a. 


ssbypesy ae 


_s 





BR 


DAC 


GML 


IMR 


JH 


mec 


LSHTM 


Appendix B 


Brian Rolseth, 

Department of Entomology, 
University of Alberta, Edmonton, 
Alberta, Canada. (Collections from around Edmonton area). 


Dre De AewGraig, 

Department of Entomology, 
University of Alberta, Edmonton, 
Alberta, Canada. (Collected from Taylor's Mistake, 
Banks Penn., New Zealand). 


G. von Gernet and G. Buerger, 
Department of Entomology, 
University of Alberta, Edmonton, 
Alberta, Canada. (Mosquito mouthpart whole mounts they 
made for their 1966 study). 


Dr. David C. Baerg, 

Gorgas Memorial Laboratory, 

pero. box 2016,*Balboa Heights, 
Gana. Zone. (From lab colonies). 


The Director, 

Institute for Medical Research, 
Kuala Lumpur, : 
Malaya. (From lab colony). 


James Hudson, 

Department of Entomology, 
University of Alberta, Edmonton, 
Alberta, Canada. (Mostly field collections from George 


Lake and Edmonton, 
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Adbenta) - 


My own collections around Edmonton area 


Dr. Joan H. Bryan, 
London School of Hygiene and Tropical Medicine, 
Keppel Street (Gower Street), 
London WCIE 7HT. 
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Set 


Dre wGeorge:s. Craig, r., 
Department of Biology, 
University of Notre Dame, 
Notre Dame, Indiana 46556, 
U.S.A. (From lab colonies). 


Professor F. Kuhlow, Ph.D., 
Department of Entomology, 
Tropeninstitut, 
Bernhard-Nocht-Strasse 74, 

2 Hamburg 4, 

Germany. (From lab colonies). 


Die, IX, Jewabishe, 

Department of Entomology, 
University of Manitoba 
Winnipeg, Manitoba, 

Canada. (From lab colonies). 


Die ec. Chapman, 

USDA Agricultural Research Service, 

Gulf Coast Mosquito Research Laboratory, 
803 Avenue J - Channault, 

Lake Charles, Louisiana 70601 

U.S.A. (Mostly from lab colonies). 


Dr. Stephen M. Smith, 
Department of Biology, 
University of Waterloo, 
Waterloo, Ontario, 

Canada. (From lab colonies). 


John B. Davies 

Trinidad Regional Virus Laboratory, 
University of West Indies 

P. O. Box 164, Port-of-Spain, Trinidad, 
West Indies. (From lab colonies). 


Dr. Robert C. Wallis, 


Department of Epidemiology and Public Heaith, 


Yale University, School of Medicine, 
60 College Street, 

New Haven, Connecticut 06510 

U.S.A. (From lab colonies). 
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